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military developed curriculum rnaterials to 
vocational and technical educators. 

This project, funded by the U.S., Office of 
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acquisition of curriculum materials in print 
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Access to mijitary curriculum materials is 
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Understanding'' between the U.S. Office of 
Education and the Department of Defense. * 
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Course Description 



» 

This introductory course.prov.des learners with a source of study materials on the principles of electricity. €ach lesson is divided .nto two parts, each 
of which contains criterion objectives and self-tests. The course provides basic coverage of atomic structures and matter; series agd parallel circuits, 
measuring devices; batteries and electromagnetism. 



Lesson 1 



Lesson 2 



Lesson 5 



Lesson 4 



Lesson 5 



Matter and Atomic Structure is divided into two parts, the first dealing with matter, covers nSatter, volume, density, . • 
weight, porosity, inertia, and impentrabihty. The second part focused on atomic structure cOVers parts of the atom] atomic 
number and weight, positive, negative, and neutral charges, and electron direction. 

Introduction to Electricity and Electrical Symbols is also divided into two parts. The first is an introduction to electricity 
and covers static electricity, charged bodies, current flow, potential difference, Ohm's Law, and resistance. The second * 
part covers electrical symbols and schematic diagrams! V * 

J> 

Series Circuits and Parallel Circuits also contains two parts. Part A solves series-circuit problems for current, voltage drop 
across an individual component, resistance of an individual component, total resistance, and total voltage. This section 
also covers short circuits, open circuits, and the use of <he ohmmeter, ammeter, and voltmeter. Part 8 solves problerns m 
parallel circuits for total resistance, resistance of an individual branch, totsl current, current flow of an individual branch, 
and total voltage. It also covers reciprocals. 

Series-Parallel Circuits and Batteries, Part A, covers series-parallel circuits and is concerned with solving for the'unknown 
values of resistance, current, and voltage in series circuits connected in parallel, and in parallel circuits connected in parallel, 
and in parallel circuits connected in series. Part B covers batteries. 

Magnetism and Electromagnetism and Electromagnetic Induction. Part A, is concerned with magnetism and covers natural 
and artificial magnets and the laws of polarity. Part B covers electromagnetism ancj electromagnetic induction. 



The course is presented in a programmed instruction format. The information is presented in small steps by using frames,*and is easy to read and 
understand. These materials could supplement classroom activities, be used as enrichment materials, and be helpful to the slower learner who needs 
additional help. 
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BOX 1775 

WASHINGTON, O.C. 20&13 ^ 

FUNDAMENTALS OF ELECTRICITY 

Lesson L * m t 

4l£ Matter and Atomic Structure 

STUDY ASSIGNMENT: Information for MCI Students, V 

Course Introduction. » 
MCI U.J6a, Fundamentals of Electricity , part A and B of lesson f. 

STUDY NOTES: * This course is presented in a form known as PROGRAMMED INSTRUCTION, 

•a method by which you learn the material at your own rate of^speed. 
_ The subject mattej: is presented in small steps called FRAMES. You 
shpuld read each fra>me very carefully and then answer the question(s) 
asked. Be sure to keep the answer for the frame you are working on 
■ •* covered up with a sli£ of paper until you have written your answer. 

Compare your answer with the correct answer (s) found in the frame 
below it in the column on the left side. Below we have printed sample 
4 frames. ^ * 







- 1. The universe contains nothing but matter. The sun and 
a particle of dust are parts of the universe; therefore, 
each lS'an example of 




MATTER 


2. Everything in the universe is composed of matter. 
Underline the items below that are matter.' 


t 


0 


a. Truth 

b. Rock of Gibraltar - 

c. Freedom 

d. Air , » • 

e. A tree ; 



_ The answer to the first frame, question #1* is found in the frame below, 
in the column to the left of question #2. In other words, MATTER is the 
correct answer to question #1. Your answer should be the same or 
very simjLlar to. the given answer. IF IT IS NOT, GO &ACK AND READ 

'* THE FRAME AGAIN. You gHOU^D NOT be worried about time. You 
SHOULD be "concerned about understanding the material* given. If you 
find yourself having difficulty', you, should return to where your difficulty 
began and go through lt&gain. If you follow these instructions carefully, 
you will find yourself gaining a great deal of knowledge., GOOD LUCKi 



SELF TESTS: 



APPROXIMATE^ 
READING TIME: 



At the end of each programmed booklet is a short self-test based on the 
objectives for that booklet; answer these to the best of your ability and 
check your answers on the pages following the' self-test. If necessary, 
review the lesson until you are satisfied. that you have accomplishedHhe 
lessorfobjectives. 



fi^d. 



180 minutes' for this lesson. 
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LESSON 1 

PART A 
MATTER 

OBJECTIVES 



U Given a list of definitions pertaining to the words listed below, 



mafch each word to its proper definition. 



.a. 


Matter 


b. 


Mass 


c. 


Volume 


d. 


* Density 


e. 


Weight 


* i. 


pJtosity 




^Inertia 


h. 


• Impene t r ab i 1 i ty. 



V 



2< # For a given body of matter , state what happens to its mass if it's 
location, volume, or stkte is changed. % 

3. ' Given the volume and'weight of a body, determine^ ita> density.- • 

\ 

4. State what effect the distance an^objecf is frpraithe surfafce of m 
the earth has on the weight of the object. 

5. State the results of matter having the property of porosity. 

* 6. List three examples of the inertia of object* <balls, aircraft, # 
vehicles) being overcome. - 

7. List the three states, of matter. 

3, Select from a list of thp character ist ids of matter those 
. / characteristics pertaining to each state of matter. . 



TI7W- ^ 
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e * 

N 


INTRODUCTION 

• 


- 




Electricity cannot be seen. No one can draw 


* 


-* 

\ 
\ 


a picture of electricity nor can anyone 
capture a box£ul of it. Electricity and the 
lavs associated' with Xt are theory. You will 
have to accept .this theory, as science has 
done bftfoTft voti cin * und&TA t And tnv of fchfc 

VIVU%a V v*V4 K T VVI WWII UtM%fcSbmiW Hit J W 
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rules or laws of electricity. 


4 ' 
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MATTER 



1. The universe contains nothing but matter. 'The sun 
and a particle of dust are parts of the universe; 
therefbre, each- is an example ofi " . 



X 



b. ROCK OP 
. GIBRALTAR 

d. AIR 

e. A TREE 



MATTER 



WEIGHT 
SPACE 



ANYTHING THAT 
HAS WEIGHT AND 
OCCUPIES SPACE. 



2. Everything in the universe is composed of matter. 
Underline the items below that "are matter. 

a. Truth ' 

\T. Rock of Gibraltar 

c. Freedom ^ . 

d. Air 

a. A tree * 



3. The chair in which you are sitting, the pencil with 
which jrou ^re writing, and the page of the book you 
are reading are all examples of . 



4.) Since everything in /the.-miive*se has weight and 
occupies space, matter can be defined as anything 
^that has ;__ and occupies . 



5. Defintf matter. 



6. All matter has 'the property of volume. Since 
* matter has volume, it will have three dimensions- 





I— L -A 

L = LENGTH W= WIDTH H= HEIGHT 



The dimensions that give matter the property of 
volume are , , and 



11. 19gfi" 
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LENGTH 

WIDTH 

HEIGHT 



7* To have the property of volume , matter 'ouit bm all 
three dimensions* / 

Underline the illustrations that represent a body 
having volume. ' 



* »Q 



D 



E 

c 



A 
B 
P 
P 



8'. Matter Is defined as anything that has weight and 
Occupies space. By occupying space, it v&l have 
the property cf * 



VOLUME 



9* Matter also has 




MASS 



10* The. mass of a given body does not change 'although 
its state (solid, liquid, gas) changes* 

If a given body is changed from a solid to a 
liquid, what will happen to the mass of the body? 



11,16 
lsn 1; p. 5 



REMAINS 

UNCHANGED . 

(OR EQUIVALENT) 



11* 



ICE 



CHANGED TO WATER 





In the illustration above, the.masar of the body 

. change. 

(did/did not) ' 



DID NOT 



12. 




STEAM, 



< 

The state of the water (liquid) has now been 
changed to steam (gas). Vhat has happened to its 



mass? 



REMAINED THE 
SAME # 



13 #, Mass \is the amount of matter a given body contains. 

j n 




is frozen into 
/ 



,then meltedMnto 
STEAM 





ICE 



/ then heated to form 



f the matter has been changed 



to the three different states^: 

In all ttfree states, the body of matter contained 

the same 
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# • 



MASS 



MASS 



AMOUNT OF 
MATTER .A GIVEN 
BODY CONTAINS > 



REMAINED 
UNCHANGED. " 
(OR EQUIVALENT) 



UNCHANGED 

(OR, EQUIVALENT) 



IS' NOT 



CONSTANT • 
(OR EQUIVALENT) 



14'. The amount erf matter a given body contains is its' 



■J. 



Mass is the 



16. A gallon of paint, which has a certain mass, is 
carried from the basement to the second floor of 
a building. The location of the paint has been 
changed. What has happened to it* v mass? 



17. A baseball, hit by a batter to an outfielder would 
have the same mass when caught as x yhen hit. 
If this basebaLl could be hit to the moon, its 
mass would remain 



18. The mass of a body ^ affected by # 

. (is/is not) 
changing its lo.cation. 



19. When the state or location of a given body is 
changed, the mass will remain 



20. When the volume of a given body changes, the mass 
qf that body remains the same. 




In the illustration above, the mass of the sponge 
remains constant, although the volume has 

( incr eased /decreased ) 



1 



11. 16 

lsn 1; p. 7 



9 

ERJC 



17 



DECREASED 



21, 



MASS 







fM 










9 


111 












In item A, the piston is in; in item B ? ^it is 
out. Going from illustration A to illustration B f 
the volume has , while mass has 



INCREASED 

REMAINED 
CONSTANT 



22. Define mass. 



A Wheruthe location, state, . 
or volume of a given' body is .changed ,its mass will 



3 



THE AMOUNT OF 
MATTER A GIVEN 
BODY CONTAINS 

REMAIN CONSTANT 



23, 



/ 




3 CUBIC 
YARDS 
OF ICE 



Volume is the space mass occupies. In the illus 

* trations above, the bucket contains 

feet of water, arid there are 



yard 8 



'of ice. These are measurements of the volume of 
the two masses . Volume is always measured in 
, units. 



2 ClfelC 

3 CUBIC 
CUBIC 



24. The space mass occupies is its 



i 

[VOLUME 



25. A tank contains 2 cubic feet- of gas; this is a 
measure of the \ of the 8 as « 



11.16 
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4 



*( V 



VOLdME 



26. Shade the volume of the mass in each of the 
following: 









WATER 











raOARD 




CHAMPAGNE 



71 



STEEL 



3. 




27. Volume is the 



B 




* \ • 



SPACE THAT MASS 
OCCUPIES 



28, .The density of a body is the weight per cubic unit/ 
of its volume. * For example, _ the density of fresh 
water is 62.5'1>ounds pe* cubic foot. 

e * 

* *« • . 

The density of *a bodj^ is found by dividing its 
weight by its volume: _ _ -wcss 

Use the formula above to solve the following 
■ problem. 

Two ctibic feet of salt-water has a weight of. 
128 pounds. Whfet is the density of salt water? ? 
NOTE: Density must be expressed In weight per 
cubic unit. 



frrr 
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d - m > ^ 

2* 

D - 64 POUNDS 
PER CUBIC FOOT 



DENSITY 



J 



9 




29. Dividing the weight of a bqdy^by its volume will 
give you the" ^ t , of that body. 



: i rrt 

30. Density is the weight of a unit volume of. matter. 
Iron has a<greater density than.tfood. 'This means 
that one cubic foot of iron weighs more than one 
cubic foot oi wood. The more matter (mass) there 
is in a given volume of a substance, the greater 
the density of the material. 

Shown below are some examples of the density of 
different materials. Circle the item that has the 
greatfeqt density. V 

DENSITIES IN }ot^DS 
PER CUBIC FOQT 




CORK 
15 



31. 



A tank with a volume of 32 cubic feet is filled 
with a fluid weighing 128$ pounds. What is the 
density of this fluid? NOTE: Density must be 
expressed in weight per cubic unit. 
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V 

d - "2S- . 

32 * 

D 40 POUNDS 
PER CUBIC 
FOOT 



32. 



\ 



When volume and density are known, the total 
weight of a body can be found by transposing the 
formula in this manxter* 
' * r WEIGHT « DENSITY x VOLUME 

(OR) ./ 
W » D x V 

- Solve this p'roblem - 

A tank contains- 10 cubic fet£ of salt water. 
What is the. total weight o£ the salt water? 
NOTE: The.density of salt water is 64 ■ 
pouttf* per cub foot. , ■ J 



W 
W 
W 



D X V 

64 .x lO 
640 POUNDS 



33. A tank with a volume of 100 cubic feet is filled 
with a gas which has a density of 4 pounds per . 
v cubi^ fciot. What vill ,be the density of thi* gas 
if it is compressed to a voljume of 2 cubic feet? 

To solve for the new density, follow the 
steps below and fill in all blanks. 

STEP (1) Find the total weight of "the gas. 

W - D x ▼ 

W - 4 x 100 

W ■ ' ■ pounds 

* - • » • 

STEP (2) To determine 'the new density, divide 
the weight ofc the gas. t?y its new 
- volume (2 cubic feet). . * # 



D -.ii 



:oo 



pounds j^r cubic foot 



Circle the number beside the statenient that is 
correct for the problem above! 

As volume decreased, density decreased.. 
b # „ As volume decreased, density increased, 
c. As volume decreased, density remained the 

same. • . # 4 ** 



11. 
lsn 
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400 . 
D - 200 
b. AS* VOLUME 

Decreased, 

DENSITY 

Increased. 



34. 




DENSITY a 
0 5 POUNDS.. 
■» » PER o 
1 " CUBIC Q 
o FOOT 
o ' * ..o. 0 



• , 0 * x 




.20 
f.CUBIC 
FEET 



20 POUNDS PER 
CyBIC FOOT 



L 




'B 



A gas with aldensity of 5 'pounds per cubic foot 
has a yolume of 20 cubic feet, in item A above. 
What i* the density ofc the $as ; softer it has been 
compressed as in item' B? 






/ \ 








* 


) °»M 





As the bottle is filled with gas, the -piaas 
will increase but the volume will remain 
the same, while the weight and density . 

will ._ ; " 

i (increase/decrease) 
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INCREASE 



846 POUNDS PER 
CUBIC FOOT 



1JL. lo 

lsn 1; p. 13 



36* two cubic feet of mercury have a .weight of 1692 
pounds « What is the density of mercury? 



37. Place a check mark by the correct ikatement. 




a. 



c. 



Density is the amount of mass a given 
body contains, - and .the formula for 
finding <lthsity is D - Z . ^ 

Density is' weight per unit volume, and 
the formula for finding density is D - H 

Density is weight, per unit vplume, and 
the formula for finding density' is 
W - D X V. v " 



38. The gravitational 'pull of the eartfh is six times 
greater than the gravitational pull of the moon. 





How much will the man on the moon weigh if he 
is mov^d from the moon to the earth? \ 

«-> pounds , 



ERIC 



23 



7 



240 POUNDS 



v 
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39-. An Increase in mass will eause an increase in 

gravitational pull. ^ * 



^55 




I 

I HOUR LATER 




In the illustration above, the mass* at the man 

* * 

has * % . This has caused a(n) # 
<in his v weight. 



24 



INCREASED 
INCREASE 



I- 



r 



GRAVITY 



1 



40. 




Weight is admeasure of the effect of 
on a bod^. 



41. The attractive force of the 
earth on matter is gravity. 
This attractive force 
decreases as the distance 
from the earth 9 s surface 
increases; therefore, as a 
body" increases its distance 
from the earth, its weight 
will 




11.16 
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9 

ERIC 




j 



42. 



3900 
POUNDS 



SEA ijEVEL 



THE ^FPECT OP 
GRAVITY 6N A 
BODY 




Compare the weight of thje body (car) at sea level, 
with ita weight on top of the ^mountain. At whidi 
pMnt does ttrweigh the aaore? 



43, Weight ia ,a meaaure of 




lsn 1; pA 16 



44. Another pt<jperty of matter ia uni^'raal attraction* 
Thia raeana that all matter attracts all other 
matter* 

All matter attracts all oth$r mafcter. This is "the 
property knotfn as 6 v # % 



r 



.28 



UNIVERSAL 
ATTRACTION 

f 


45. Another property, of matter la porosity. 

✓SKATER yvWATER /"^ATER 

Some matter is more porous than others. 

In the illustration above, circle the matter that 

will absorb the smallest amount of water. 


\ 

, "ft 


46. 

CLOTH 

In the illustration above, the smoke will travel 

through the cloth because it has more space 

l : 

. between its particles. The smoke will not travel 
through the wood because it has less • 

• 



Isn lj p. 1*7 



SPACE BETVEEH 
Tks PARTICLES 



47, 




All matter has the property of porosity . 
We normally think of steel, or even wood*, as 
being very solid; but water, under high pressure, 
cen.be farced through their minute openings 
because they have the property of ♦ 



POROSITY 



48. 






\ 



"Hum, get the mop, because these walls have the 
property of 



11. 16 
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POROSITY - 



TWO SUBSTANCES 
CAM BE COMB IKED.. 
AND OCCUPY LESS 
SPACE THAN BOTH 
OCCUPIED 
SEPARATELY. 



49 „ Porosity permits tvo substances to be combined 
end occupy less spsce then both would occupy 
separately. 









1 BUCKET 




1 BUCKET 


SAND 




GRAVEL 



2- BUCKET 
CONTAINER 

SAND AND 

GRAVEL 
^COMBINED 



What does the illustration above show is possible 
since matter has the property of porosity? 



50. The space between the particles of one type of 
matter, which gives it the property of porosity, 
may be occupied by particles of another matter. 
The two will occupy less space when ' 






What makes it possible, to° pour a bottle of water 
into a bucket of sand without running it over? 



11; 16 
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COMBINED 
POROSITY 



51. All matter has space between its particles (mole- 
cules). This is what gives matter the property oJ 
porosity. 




ALCOHOL 



WATfcR 




1 -QUART 
LEVEL 



Complete the statement below concerning the above 
demonstration. 



wo subst 
y le««V 



Porosity permits two substances to be 
combined and occupy 
than both occupy 



SPACE ^ 
SEPARATELY 



52. What gives matter the property of porosity? 



THE SPACE \ 
BETWEEN THE' 
PARTICLES OF 
MATTER . 



53. Porosity permits some matter to' be compressed, 
easier than others. Gas is matter that can be 
easily compressed. What property of matter 
* permits this? 



POROSITY 



54. 




Circle the mat 



'J 

tet^which is 



the easiest.^ o compress. 



• 11. 16 
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» 



c&3 






What property of matter permitted thof largo 
volaaa' of air to bo takan Into tha cylindar and be 

compressed? . 



POtOSITY 



56. Tha aaount of matter a givan body contain* la Ita 



MASS 



57. 



MASS 
OF 
STEEL 




Whlch^itoa above would roquir* aorc fore* ti move 
It (ovorcoao its Ipartl*)? 



58. 



50 MPH 



50 MP* 




, Which track wovld require aorc force to overcome 

■ ite inertia and ato* it? _ - 



11. 16 
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i 



A 


59. The more mass, the^irfore force required to oVer- 
come its 


* 

INERTIA 

* 

* • 


60, The property of matter that requires an outside 
force to be applied to stop or start that matter 

is Inertia.* 

t 

Inertia is the property of matter that requires 
an . - to.be applied to 
stop or start that matter. 


OUTSIDE FORCE 

3 

< 


61. A body at rest r will remain at rest unless acted * 

upon by an outside" force. A body in motion will 
remain in motion unless acted uoon bv an mn:«idA 
force. 




What is required to stop the^above man? * 


What property of matter requires this? 


AN OUTSIDE 
FORCE. 

« . 

INERTIA 


o 


r 


11.16 

.lsn 1; p. 22 1 4 

32** 


* 



4 



62. " 



ARRESTING 
HOOK 




f 



What two devices are beir^ 1 used to overcome the inertia of the 
above aircraft?? *^ b# 



a. CATAPULT 

b. ARRESTING 
HOOK 




lsn^l; p?423 



63.' 



f 




fell, the property of 
1 It again." , 



has done 



33 



INERTIA 



64. 



* w' LOOSE TOOLS 




What property of matter did the plane captain 

overlook? [ « 

: — \ 



INERTIA 



65. Matter cannot start or 



itself. 



STOP 



66. All matter possesses ^the property of impenetra* 
bility * 




The two vehicles could not occupy the same space 
at the same time because they possess the property 
of 



t 



11.16 
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XHPENETRAB ILZTY • 



67. 





; B 

As the nail is 41 driven into the wood, illustration 
A, the grains of wrood will ^nove aside. When the 
xxregular-shaped object is -placed in the container 
of fluid, illustration B, the fluid^will rise $n 
amount equal tb the volume -of the object. This ;ps 
due to the fact that no two objects can occupy the 
same at the same time. 

What is the volume of the irregular -shaped object?. 



CUBIC IHCfflfS 



SPACE 

3 CUBIC INCHES 



\ : - 

68. Impenetrability ie the property of natter <w£at 

vlll allot* no two objects to_ 



OCCUFT THE 
SAM SPACE AT 
THE SAW TIME 



69. VR* etatea of natter are SOLID, LIQUID, and GAS, 

There are ^ atatea ofcnetter. 

(mmber) 



7 



1 THREE 



70.. feetar wmy b« • LIPOID. 




WATER 



What is the state of matter in the illustration?* 

. > * 



♦ 11.16 
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LIQUID > 




. 1 



.•oxygeR;. 

>.*:>:« :;.\v 




' f SAW OUST : 




JAICOHOL* 



Circle the le^tfer under the illu8tration<8) of a 
^ liquid. 



AD 



72. A fluid 1* matter that flows easily and requires 
a ^container in vM-:h to store it or keep it 
confined. 

Liquid la a , - , 



FLUID 



73. 




Liquid, will artmwr the 



of the 



•J 

ii. ie - 

lsn 1; p. 26 



(volume / shape) 
\ container in which it .if placed (see illustration). 



36 



SHAPE 



VOLUME 



Q 



1 



74. 



11.16 
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' WUART 
. CONTAINER 



2-OUART 
CONTAINER 



VOLUME 
1 QUART . y 



A liquid, a* indicated, above, will not assume the 
° of a larger container. 



75. 




Select the illustration(s) above which cerrectly 
represent(s) the transfer of a liquid frqra one 
container to another. ' ' * 



37 



A B 



76. A liquid will assume the 



of any 



container but will not assume the 



SHAPE 
VOLUME 



77. 



1 




As Illustrated above, a liquid can be changed from 
a llquld*to a . 




SOL^D 



79* Liquids can be changed to a 



or a 



11. 16. 
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LIQUIDS, FOR 
PRACTICAL 
PURPOSES, CANNd 
BE COMPRESSED. 



b • > C. , 6 4 



MATTER 



82. Select the characteristics of » liquid. 



«. Can be compressed* • % 

b. la a fluid. ' _ 

c Can be changed to a gas or a solid. 

d. Will assume the volume of any container. 

e. Will assum^th^ shap$ of its container. 



83. 



Matter. is anything that has weight and -occupies 
space. Gas has weight and' occupies space. 
Therefore, gas is 




A D 



11.16 
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\ 



Circle the letter under the illustrations 
representing matter as a gas. 



85. A fluid flows easily and requires a container in 
which to store it; therefore, both liquids and 
gases are . 



ERIC 



40 
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FLUIDS 



86. ^The molecules (particles) of a gas nova freely as 
* compared to those of a solid or liquid. 

All matter has movement of its molecules 
' (particles); but, in comparison, the molecules of 

a _____ will move more freely than those of a 

solid or a liquid. 



GAS 



87. 




PERFUME (GAS) 



What characteristic of a gas allows the molecules 
(particles) of the perfumejjo fill the entire 
room? 



THE MOLECULES 
IN A GAS MOVE 
FREELY. ^ 



88. Gas will assume the shape and volume of any 
container in which it is placed. 






Circle the illustration above that represents the 
transfer of a gas from one container to another. 



11.16 

lsn lj p. 31 



0 



89. 




What will happen to the shape and volume of the 
gas when it is released from the bottle into the 
life raft? 



\ 



IT WILL ASSUME 
THE SHAPE AND 
VOLUME OF THE 
LIFE RAFT. 



90. 




Mr* Dilbert may soon be pushing^up daisies because 
a gas will' assume the * n< * 



3 container. 



TT7TB 
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SHAPE 
VOLUME 



POROSITY 



GAS 



CAN 
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3r 



91. The space between the particles (molecules) of 
natter gives it the property of porosity/ Some 
^ matrer may be compressed because of the property 

• v of 



92 . 



SOLID 



/liquid 





If you could a*e^the molecules (particles) in 
matter, as indicated above , the molecules, would 
be very far ipart in the . * * 



93. A gas 



(can/cannot^ 



be compressed. 



94. 




The illustrations indicate that a gas can be 
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COMPRESSED 



95. Select the character is tics of a gas. 

a. ^ May be compressed. 

b. Will assume the shape of its container. 

c. Has molecules that are solidly fixed, 

d # Will assume ^the volume of any container, 
a. Does not have weight* 
f. • Is a fluid. 



t. f b. f d. f ti 



96. There are three states of matter. 




WATER 



Matter may be a 




OXYGEN 



Matter nay be a 

7 



STEEL 



Matter may be a 



11. 16 
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JL 



LIQUID 
GAS , 
SOLID 




ROCK OF 
GIBRALTAR 




Circle the illustrations 
examples of solids. 



above that represent 



B D 



98. 





^ 's 






























A 




•* 












c 

















cubic 




IOOT 


i 




Illustration A: 



When a liquid is moved from one 
container to another, it will assume 
the shltfcgof the new container but not 

its V^blumJ^ " 



Illustration B: When a. gas is moved from one cdntainer 

, to another, it will assume the shape , 
/ and volume of the new container. 

When a solid is moved from one place 
to another, it will maintain the same 
and 



Illustration C: 



lsnOjp. 35. 
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SHAPE 
VOLUME 



MORE FIXED 
TOGETHER 



./ 



MORE FIXBD AND 
CLOSE TOGETHER 



J •■ 



99. Solids have a definite shape* The shape of a 

solid is not changed -when moved from Sue place to 
another* This is because the molecules of solids 
are close together and aire more fixed, 

A solid differs from a liquid or a gas in that the 
molecules are ' ■ and are 

close . 



100. 



MOUNTAIN 



\ LEVEL ^ 




~~ ~ "lake ' 



As illustrated above, a solid raoVed from SEA LEVEL 
to the top of a MOUNTAIN and then to the bottom of 
a LAKE will retain its shape and volume because 
its molecules are . 

I . 



: j -or 

101. Select the characteristics of a solid, 

f 

'^a. Its shape is not changed when moved from 

one container to another. 

It can be compressed. 
* c« Its particles are more fixed and are very 

close together,' % + 



102. List the three states of matter in the blanks 

below. Below the blanks is a list of character- 
istics fhat pertain to tj}ese states when they are 
moved from one container to another. Place the 
number (s) found beside each characteristic under 
the state of matter to which it pertains. 



a. 



b. 



c. 



/ (1) Wi&l assume the shape of 
its container. 

• V ' * 

(2) Will assume the volume of 

any ' container 

(3) Will* raairitain its shape 
and volym^. 



. SOLID 

~75T 



b. LIQUID 

c. GAS 
(D(2) 
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1. 



2. 



FUNDAMENTALS OF ELECTRICITY 

LESSON 1 / 

v * 

, PART A 
/MATTER 

SELF- TEST 



Match each word in column A with its correct definition in 
column B by placing the letter found betide each ttrd in the 
blank betide the appropriate-definition. , 



a. 

b. 
c. 
d. 
e. 
f. 

g- 

h. 



Matter 4 
Matt 
Volume 
Density 
Weight 
Porotity 
Inertia 

Ixppenttr ability 



l 



B 

^That property of matter requiring 
an outtide force to ttart or ttop 

it. 

9 Anything that hat weight and 

occupiet apace. 
m No two bod lea can occupy the tame 

•pace at the tame time. 
w It it the tpace that matt occupiet* 
b The amount. of matter a'glyeil bbdy* 

containt.« 
9 Weight per unit volume; 

f A property of matter thafr specifies 
there it tpace between the particles 
of matter. 

p A" measure of the effect of gravity 
on a body. • 



effect 

r 



Will the matt spf e given hody change If It it aoved *from see 
level to 35,000 feet? * ' • 



3. If one gallon of water it changed to ateara, ltt volume will 



a 

b 
c. 



• ( decreate and ltt matt^will decrease. 
./ lncreate and; its mass will increase. 

lncreate and ltt matt will remain constant. 



4. Which of the following ia-a meature of volume? 

a. Square units 

b. Cubic unit a 
c* Linear unit a' 



,11. AO 

%r \sn 1; p. "38* 
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5. JJh«t it the formula for finding' the density of * body? 



6. 



A body weight 2400 'pounds and hat a volume of 24 cub ii, feet; 
whet it itt density? * 



7. Ten cubic feet of gas with a density of 5 pounds per cubic foot 
4 are compressed, to 2. cubic feet; what will the new density be- 



8. As an object's distance from the earth 1 s surface is increased, 
. the weight of that object will ' 

9» At which location will a given body weigh the more? 

) 

« 

a. On top* of a mountain, 
be At sea level* 

Ce Weight would be the same at both a and b* 

10* What property allows some matter to be compressed easier than 
others? t, * m 



lie Give an 



f 

example proving £hat matter has the property of porosity. 



* ) 

12 » Inertia must be overcome in order to stop or start the**movement 
of matter. 



What is required to do this? 



13 » Give an example proving that matter has the property of 
impenetrability. 



11.16 
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V 



14. List v three examples o? the Inertia of objects (balls, aircraft, 
vehicles) being overcome* 



15* List the three states' of - matter "in the blariks^feiov.. To the 

right, is a ,list of characteristics that pert^in^fcp- these states. 
Place the number* found beside each characterist^punder the 
state of matter to which It pertains. Some characteristics may H g 
pertain to more than- one state. 



a, , , *b.', . c. 



(1) # Is a fluid, j 
(2} Will assume the shape of 
its contained * 

(3) May be compressed. 

(4) Will assyme the volume* 
of- any container. 

(5) Shape is not changed 
when moved from one 
container to another. 

(6) Particles are more fixed 
and very clbse together. 



TV* 



4 



Isn l;.p, 40. 
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LESSON 1, PART A 
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MATTER - SELF TEST ANSWERS 



1. g, a, h, c, b, d, f, e 



c 



2. no ; 

3. c 

4. b 



J?. nTCWSTTv VWEIGHT 
VOLUME 
6. D • W 3 2400 lbs s 100 lbs/cu ft 
V 24 cu ft 



• *| 7. STEP X. W = D x V = 5 ibs/cu ft x 10 cu ft = 50 Ibs- 

'* STEP 2. D = YL » 5Q ' Ibs = 25 ibs/cu ft 



V 2cuft 
8. decrease 

V\ ' 9. b 

10. porosity . . • V 

> ' 

1,1. combining a bucket of sand and one of rocks into a third pail and occupying^ 
„ less volume than the rocks and the sand did previously or any other situatioi 
whichjShows or proves the existance of space in between particles 

<? 

12. force 

. * . ' * - ~- > / 

13. a nail pushing aside fibers as.it goes into wood, 
a pool ball knocking another .ba^f away so it can occupy itk space, 

" or any other example whicli shows that two things cannot occupy the same *f m 
place ' v 

14. a. hitting the ball with a bat 4 1 
.. b. the arresting gear on an aircraft carrier stopping aircraft 

c. a car accelerating, from a sto"p 

15. a, solid - (5), (6) ..*.*«' * 
'•b. liquid - (1), (2), ■ ' ~ 

c. gas - a), (2), (3), (4) 

- GO RIGHT ON TO- LESSON 1, PART B-ATOMIC STRUCTURE 
11. 16 • >v 
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^FUNDAMENTALS OF ELECTRIC IT V s 

• ' LESSON 1^ 

PART B . - 

ATOMIC STRUCTURE 
x OBJECTIVES 



1. Given th$ terms compound, molecule, atom, mixture, ion, 
..nucleus, and a list of the definitions of these terms, 
match each term to its definition. 

- ✓* 

2. Given an illustration of an atom, label its three parts,. 

3. Given an illustration of ah atom, give the atomic Punier 
and the atomic weight of that atom. 

4. Givelfesome illustrations of atoms, label each as having 
a positive, negative, or neutral charge, > 

5. State the name given to electrons that^have been removed 
from their orbit about an atom. 

6. Corajare a conductor and an insulator in relation to the 
twjrtber of free electrons that each contains. 1 

7/ State how electrical^ergy is transferred tbrfbujgh a 

-conductor. 1 ♦ ' i ♦ 

8. State the direction the electrons flow when an atom with 
a Negative charge is contacted by an atom with a positive 
y> charge. 



11.16 * 
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1. 



Everything in tb>* universe that has weight and 
occupies space is matter. Matter can be broken 
down into elements - substances which caipot be 
altered by chemical means. 



NO RESPONSE REQUIRED 







• 


2. These ere ,pver 100 known elements. Most are 

TlAfUTfll * A f ill i«*a maili* mail m O - - ^ M « f 

u«vut «x t « icw are tnsivmaoe • %>ome natural 
elements -are oxygen, gold, tin; and carbon. 
HySrogen, silver, airi lead are also examples of 
natural - _ 

— - 1 — : — * — « : 


1 

ELEMENTS ^ 

- — 


3. Matter exists either as^a natural element or as 
. £ chemical combination of two pr more different 
elements. This combination. is called a compound. 
A compound can be divided into two or more } 
different * ! / 


ELEMENTS 

> 


4. Some familiar examples of compounds are water, a 
combination of hydrogen and oxygen, aria salt, a 
combination of sodium and chlorine. Because v * 
water and salt can be divided ifcto different . 
elements, they are 

Y m ' ' - # 



COMPOUNDS 



5. 



Wheh compounds are chemically changed to form new 
compounds or wheto they are broken down into their 
original elements, the. action is called chemical 
action. When sweet; milk, is chemically changed to 
sour milk, the action is called 



CHEMICAL ACTION 



6. 



When sulfuric acid, a compound, reacts with the ; 
compound lead peroxide in a battery, lead sulfate 
is formed. This action between, two compounds to € 
form a new compound is called 9 



CIJEMICAL ACTION 



11,16 
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7. The elements hydrogen and oxygen are* gases. 

When properly combined chemically, thesg^elements 
* ' will form the compound water. Water is a $ 

(liquid/gai) ' ^ 

r—r-A • ' ■ /' 



LIQUID 



8. A compound will possess properties different from 
the properties of the elements uaed to make the 
compound • When two or moje elements are combined 
chemically, a compound is formed wKich has* 

different * < than its 

elements-, ' 



PROPERTIES 



t 



.9. Sodium, an element, will ignite on contact with 
water, whife the element chlorine is poisonous* 
A chemical combination of sodium, and chlorine 
forms tKe -compound salt, which neither ignites 
upon contact with water nor is it N poisonous. 
^ This is an example showing that a compound has m 

diffetent than the properties 
of the. individual making up tha£ 

compound*' •* , 9 



PROPERTIES 
ELEMENTS 



10. The properties of a compound will, depend on the 
- chemical combination of its elements. ^ 

" I ' 

Some examples are as follows: 

• * 
a. Two. parts hydrogen arid 'j^ie part oxygen 
form the compound water (t^O) 

b # Two parts hydrogen and two parts oxygen 
* form the compound hydyopen peroxide (H2O2) • 

> * * 

c «- One pert hydrogen, one part nitrogen,* and 

three parti oxygen form the compound nitric 

scid (HNOp. > ' * 

" These three compounds have different properties 
because of the difference in the chemical 
„ combination of their * 1 * , 



Elements 



11. When two or more different element^ are chemically 
combined, a compound Is forti*^ The? properties 
of the compound will depend <ffifothe * 
combination of Its elements # ^ , 

1 • ^ \ . 



CHEMICAL. 



11.16 
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12. When the elements hydrogen, sulfur, and oxygen 
are properly combined chemically, " sulfuric acid . 
(H2SO4) is formed.. A chemical combination of two 
or more different elements forms a * 



54, 



\ 



\ 



iCOHPOUND* 



b.. 



MIXTURE 



ELEMENTS 



RETAIN 



ELEMENTS 
GCMPOONDS 
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13. Select the definition of * compound. 

a. A combination of elements* 

* b. A chemical combination of two or more 
different elements, 

c. A physical combination of two or. more* 
different elements , 



14. When compounds or elements are combined Vod^no 

chemical action takes place, a mixture is formed; 
The compounds water (H^p^und sulfuric acid 

(HjSO^), as used in a battery, do not chemically 

combine*. Therefore, they form a . 



15. When the elements aluminum, nickel, cobalt, and 
iron are combined , /ALNICO is formed,. ALNICO is 
a mixture; therefore, the elements do not lose 
their original characteristics. ALNICO is used 
to make magnets, and t» a mixture composed of 
different- 4 



16. When the compounds 'salt and fresh water are mixed, 
the result is salt water. By distillation, they . 
can easily be separated and once again become salt 
and fresh water. By this example, we caMriee that 
compounds, when mixed, * their 

(retain/lose) 
original characteristics. 



17. ALNICO is a mixture of elements, while salt water 
is a mixture of compounds. A mixture can be, 
composed of ' Lj ^^^ ot . 



18. A mixture is a combination of elements or 

compounds in which the* elements or compounds d<T 
not lose their original ^characteristics. ALNICO 
and salt water can be separated and their elements 
or compounds will not lose their * 



ORIGINAL 
CHARACTERISTICS 

* 


\H 66 **6 6lJr*-~ m t00' . ^ v 

— — . — uivi<iitxg a crop or water. \ ' 

\ ' 

j A molecule. 

By taking one drop of the compound water and 
dividing it into smaller and smaller parts, as 
shown, the smallest 'part of water we can reduce 
it to is a 


MOLECULE 


20. The smallest particle of a compound, which has all 
the properties of that compound, is a molecule. 
The smallest particle that the paper on which .you 
are writing could be broken down to and still be 
paper is a 


MOLECULE 

& I 
) 

• 


21. The smallest particle of a compound, which has all 
the' properties of that compound, .is a molecule. 

' *\ ..">!•> CHLORINE 

[ ♦ +w j f i _ ^ \ V--/ / T 

, » • j 1 m f / ink x • * 

vL^v 7 , 

Illustration A shows a molecule of salt. 
Illustration B shows the molecule' further 
•divided into atoms. Do the substances in 
illustration B still have the properties 
of salt? 



11.16 
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56 



mm 
ft'- 



m 



'l,^:r.4i, x 



NO 



b. 



ORB 

TWO 



ATOMS 



ATOMS 
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22. Select the definition of .a molecule. 

The_smel-leet particle of a compound. ~ 

be The smallest-particle aFa compound which 

has all the properties of that compound.^ 

Cm The smallest particle of any substance. 



23. 



• — e 



\ 



r 1 



HYDROGEN 
ATOM 



OXYGEN ATOM 



HYDROGEN 
ATOM 



The illustration above -shows that a water molecule 
is made-up of ______ oxygen atom and 

(numberj"" 



hydrogen atoms* 



(dumber) 



24. A molecule is composed of two or more atoms. If 
a substance is divided down to a molecule, the 
molecule will, be made up of two or more . 



25. Atoms are the basic building material of all 
matter. All matter is made up of 



26. The atom is*the smallest particle of an element. 
When an element is reduced to its smallest 
particle, that, particle is an 



\ 



V 



1/57 



ATOM 



27. 



/ 
\ 



^. - 

HYDR06EN 
ATOM 



+ 

HELIUM 
ATOM 



»„* 



n 



OXY6EN ATOM 



Each of the above represents the smallest* particle 
of an 



ELEMENT 



a, 

b. 
c. 
d. 



2* 
4 
3 
1 



ATOMS 



28, Match the definitions in column B with their 

proper terms in column A, Place' the number before 
tlie definition in the space beside the proper term. 



a . Compound 

b. ftixture 
c# Molecule 
d. Atom * 



/ B 

1, The smallest particle of 
an element* « 

2* A chemical combination 
of two or more different 
elements* ~ — 

3, the smallest particle of 
a compound which has all 

* the properties of that 
compound, 

4. A combination of elements 
or compounds in which the 
elements "or compounds do 
not lose their original 
char ac t er is t ic s • 



29, The smallest particle of an element is an atom. 
The atom cannot be seen by the usual microscopic 
instruments. .Although they cannot be seen, we 
know there are many kinds of , 



30. TKe number of protons, neutrons, and electrons 

will vary with each kind of atom. The oxygen atom 
• and the helium atom have different numbers of 

* and 
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ntotkoms 

BUCItOMS 



31. 




^ 




Helium. 

Ac illustration above U an exemple shoving 
that .the numbers of protons (+), elect tons (-)» and 
neutrons (N) vary with the dif fercnt kinds of 
at Ms. Compare tha number jf proton* <+) t 
eldctrona (-)» and neutrons (H) of tha atoms above. I 



Placa tha mnfcer of aaeh -in tha apnea provided. 



HELIUM 
(+) Protons 



(N) Heutrone 
(•) Blactrons 



CARBON ^ 

' i+) Protons 

^ 00 Hantrons _ 

_ (-) Electrons 

For tha reminder of this program, instead of 
shoving aaeh individual neutron and proton in an 
at on, fche total number o£ aaeh will ba shown. 

EXAMPLE: <6f) will indicate 6 protons and (6M) 
will indicate 6 neutrons. 



HELIUM 

<+) 2 
00 2 
<-> 2 

CAlBOH 

(+) 6 
0D 6 
<-> 6 



/ 32 Bach of tha dif farant atoms is identified by an 
atomic nuabcr (1 through 103)/ The wnber of 
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/ ^proton* in an atom determines its atomic 



Nitrogen. 



B 



c 



Iron.* 



Aluminum. 



What 0 la tie atomic 
atoms? . 



of each of the above 



B. 



»* 26 

C. 13 



33. Lead 1$ much hmltr than oxygen. A lead atom 

Is heavier than an oxygen atom bacaute it contains 
mora protona (4*) and nantrone (H). 
Tha atomic weight of an atom is determined by 
adding tha nuabar of protona (4*) and neutrons (H) 
contained' in tha canter (nucleus) of the atom. 



Oxygen. 




Lead. 



Silver. 



What is the atomic weight of tha above atona? 



A. 



B. 



C. 



A. 16 

B. 207 

C. 107 



11.10 

4sn lypTSW 



34. What are the atomic mnober and/atomic weight of 
each atoa illustrated below? 



c©$ 



Carbon* 



Atomi c nu mb e r- 
Atomic weight 



Chlorine* 



tomic number 
Atomic weight 



© 

\ 



© x ~©- 



'-©--©- 



Cobalt. 



Atonic manber_ 
Atoaic weight* 7 



60 



A. 6 

12 

B. 17 

• 35 

C. 27 
58 



35. How sre the atonic number and atomic, weight 
determined? 



jr« Atonic number 
b # Atonic weight 



a. THE NUMBER 
OF FROTOHS 

b # THE HOMIER. 
OP PROTONS 
AMD HEVXROHS 



36 # The at on ie composed of three particles. Whet ere 
they? ■ ] 9 is ~ - 



ELECTRON 




PROTO,N . * 
NEUTRON ' 



ELECIROMS 
PROtOW *** 
NEUTRONS 



37. 



v 



NUCLEUS 



trrr — 
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NUCLEUS 



The center o& the aton ie the 



38. The center of the aton, which contains the protons 
and neutrons , is the . ' # 



61 



NUCLEUS 




POSITIVE 



(+> 



NEUTRAL 



00 



ITOATIVE 
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39. 



Bra* an .arrow pointing to' the nucleus of this 
*toa« 



40. The protons of an atofehave a posit Its charge and 
are Identified by a pins (+) sign. A proton has 
* _ ^ _ charge; 



41. Protons are identified by a* ( ) sign. 



42. The neutrons of an atom have a neutral charge ' 
, (no charge) and are identified "by an (N) sign. 
A neutron has a ( charge. 



43. Neutrons are identified by an ( ) sigp. 



44. The elections of an atom have a negative xharg« 
and are identified .by a nlnus (-) sign. An 
electron has a ' charg e. 



45. Electrons are Identified by a ( ) sign. * 



62 



(-) 



46. Electron* arc la orbit about the nucleus of an 
•torn, and they can be la different orbital path*. 
In the ctoa below, how aeny electroai arc orbiting 
about the nucleus? 



SIX 



; 

47. The electron* areola orbit about the 
of an atoa. 



NUCLEUS 



48. Label the three particle* of the atoa below. 



4* 




A. 

" B. 



C. " 



The center of an atoa 1* the 



mUm 
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A« ELECTRON 

B. PROTON 

C. NEUTRON 
NUCLEUS 


49. The nucleus of an atom hat an attractive force 
for Ita electrons. The strength of this 
attractive fpree will varyowith each kind of 
atom. Between the nucleus and the electrons of 
an atom, there is an 

* 


ATTRACTIVE 
i FORCE 


50. The attractive force between the nucleus .of the 
coppet^atom, a conductor, and its outer electrons 
is less than the attractive foroe between the 
nucleus of the helium atqm, an insulator, and its 
outer electrons. Which atom, copper or helium, 
would, more readily give up its outer electrons? 

- -h — — — — - 


COPPER 

« 


51. In the atoms of "good electrical conductors, 

silver, copper, and gold, the outer electrons are 
i readily freed from the attractive force of their 

♦ 


NUCLEUS 


52. A good conductor has atoms with loosely held 
.electrons*. A copper atom has loosely held 

» . • 


ELECTRONS 


53. Electrons that areHg&sely bound (held) to in 

atom can be moved out of orbit easily. Electrons 
"* of a gold atom can be movtd out of orbit easily 
because they are • 


LOOSELY BOUND 

4 

4 « 


FREE ELECTRON 
Copper atoms. 

' V 

When a loosely bound electron is removed from 
orbit, it is called a 
(see illustration). % 

« 
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K i. 

' .• .. 57 



Fku electron 


35. Electrons renoreo rron cneir or Die aoouc an aeon 
art called , . 

> v, 

■ 3 


FREE ElBCTSOMS 

* 

• 


* 

56. An Insulator, such as rubber, has vary ft* €ree 
electrons and will not conduct electricity. A 

att^*«k. ,4aV^H m^*^+m ■ A A * € Mat A AM* A 1 ■ flMaaaaalk aaaV «al A • 

gooo insulator contains a tnan nonpar or 

. 


FREE ELECTRONS 


57. Materials with a snail lumber of free electrons 
are good 


DBULATOtfl 

$ 


58/ The controlled novenent of free electrons through 
a conductor Is electrical current flow. In cots- 

^ Am4 aKamatV aa* aftta aaa aVaa ^ ^aa aft *A W A ^ a%M A Aa%Aaff4AA a*a^«al Mat al -tt afta ■ aaV atkl A. 

parxson to an insulator, a conductor nas a large 
nunber of 

/ 


W9WW ft ffMlMM 

flu IUCXTOPS 


K^B Wa\ aa» ^to aaal a 1 A V -Ok V ^AtoBlIk aaV ^a* -f-v aB »4aV*4 «aa. aftfc. A ■ am 4^ M a%am aft 

^9. listeria is Daring a large nunoer or tree electrons 
are good 


COMMJCTORS 

'-4 ' 1 


60. Electrons removed %ron their orbit are free 

electrons. How doee a good conductor coopers to 
v a |pod Insulator with respect to the nunber of 
ttu>; Electrons In each? 

' * ~h 
& a. Conductor 

v . b. "Insulator 


a* HAS A LAKE 
NUMBER 

b. HAS A SHALL 
MUMER 


61. Sons mat trials, carbon, geraauluv, and silicon, 
are considered seniconductors. This Is because 
they conduct less current than natal conductors 
but note than Insulators. . 
Materials that conduct less current than natal 
conductors but more currtut than Insulators are 
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SEMICONDUCTORS 



FIEB ELECTRONS 
ATOM 



ATOM 
ATOM 



ELECTRICAL 
ENERGY 



BT THE MOVEMENT 
OF FREE 

ELECTRONS, FROM 
ATOM TO ATOM. 



1^ 



62. In a conductor , free electron* are continual! 
^ paving fro» on*, atom to another. By control li? w 
tha novenem&of thaaa fraa alactrona in pne fc general 
direction, electrical energy la transferred through 
a conductor. Elactrlcal anargy la tranafarrad 
through a conductor by tha aovenienf + 
fron atom to 



63. Elactrlcal anargy la tranafarrad through a 
conductor whan fraa alactrona *ra moved from 

. to 



64. 




In tha v llluatratlon above, tha fraa alactrona are 
wing fro« aton to atom through tha conductor In 
ona ganaral d tract ion. Tha raault of thla will be 
a tranafer of • a 



65. How la a lac tr leal anargy tranafarrad through a 
conductor? 



66. Tha tranefer of alactrlcal energy la possible 

bacauaa an aton haa a tendency to atay electrically 
neutral, that la, to have an equal masher of 
proton* and alactrona. 

Which aton below la electrically neutral? 




\4 ~ T - 

-e- 
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66 



* ■ 



0 



67. 



The a tow of a conductor aornelly stay electrically 
' neutral b«cmi of the random mremnt of free 
electron*. Am an atom gain* as electron, It will 
give off another electron in ordar to ba clc*» 
trlcally neutral. > 

lev many alaetrona mat this at on gir* off in 
ordar to ba electrically neutral? = 




0MB 



*8. 



An alactrically nautral ate 
ait equal mtabar of * 



la an aton that haa. 
uud 



P10T0MS 

electrons 



69. 



An outside source such aa a battery can ba used 
to add additional alaetrona to a conductor. Whan 
thaaa excess alaetrona are added, a chain reaction 
of wring electron* through the conductor ik set 
up because the atoms tend to atay electticalT^ 



NEUTRAL 



70. If an outalde force edda one Million alactron* to 
one end of a conductor, then one million electrons 
nuat com out the other and of the conductor. The 
same umber of alaetrona that enter a conductor 
.■net leave that conductor. 

How many alaetrona nuat leave the conductor belovf 



eXcTcXeXeToTeTp 



I00.ELECTR&NS 
• ENTER ' 
C0N0UCT0R 
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\ 



100 



ELECTRONS 



ELECTRICALLY 



EXCESS 
DEFICIENCY 
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- 71* Select the electrically neutral ato«. 




/ * 



s >© & 



ERIC 



72, An atom that has more electrona than proton* has^ 
an excess of electrons. An ftom with fever 
electrons than protons has a deficiency of 



73, An atom that has an excess of electrons Is an 

electrically charged atom. An atom that has a 

deficiency of electrons is also an ' 
charged atom. 



74. An electrically charged atpm is known as an ion. 
An ion has an or a 



of electrons. - 



75* Which of these atoms are ions? 




68 



k/ 



76, An Ion Is an atom having an 



or a 



of electrons. 



YXCESS 
DEFICIENCY 



77, Match the definitions In column B with their tenia 
In coition A. Place the onbtr before the defini- 
tion in the blank beside tha proper term. 



a, Compound 

b. Mixture 
c* Molecule 
d. Atom 

a. Nucleus 
f. Ion 



1, The smallest particle of 
an element, 

2, A chemical combination * 
of two or more different 
elements, 

3, An atom having an excess 
or a deficiency of 
electrons, 

4, A combination of elements 
or compounds in which the 
elements or compounds do 

. not lose their original 
characteristics, 

5, The center of the atom 
which contains the 
protons and meutrdns. 

6; The smallest particle of 
a compound which haa all 
the properties of that 
compound, J 



a, 

b, 
ci 
d, 
s. 



2 

4, 
6 
1 
5 



78, Atoms that hare more electrons than protons have 
a negative charge, A negatively 'charged atom haa 
■ere : than r_ ~ 
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6'J 



>- 



ILXCTRCXCS 



TOOTOHS 



*iabw* " 



erJc 



79. Uhtch of tha At (re* b«l<** he* a teegativo charga? \ 



/, 9 X\> 9'/W\« /v~\^ 

4. '('M\i !4( st V' 

VvW// uW/J 



-0- 
A 



30* An ato« that has £et?ar alactrout! than proton* has 
a poaltiva charge, "A positively chargai etcn h&a 
favar' v than 



KI^CTROHS 
PROTOHS 



81. Which of tha at^:»53 bale* had a positive afcarg*? 



H©Vi ■((©>! 4©'?] 

\\S y 0 / / e\Me' \^0-^''/ 



82. Labal tha atsaa balov aa having a positive, 
> aagativa, or nostra 1 char 5a. 





» © {0 

la. — ' & 



4_ 



— " v 
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******** 



« 

A* NEURAL 
EXPOSITIVE 
C. NEGATIVE, o 

\ 


83* When a negatively charged atoa Is contacted by a 
positively charged atoa, the electrons flow froai 
tha negative mtom to tha peeltlve ato*. 
Wham two atoas of opposite charges contact aach 
othar t tha electron flow la fro* 
to 

\' * * 


W6ATIVS 
POSITIVE 


84* Which direction will tha 1 alactrona flow between 
tha two atoaa below? 

a. Fro* atoa 1 to atoai 2, 

b. Proa atoa 2 to atoa 1." - 

* 


a. 


83. Whan a negatively charged atoa la contacted by a 
positively charged atoa, electrons will flow Ifroa 
the atom to the 
atoa. 

* 


NEGATIVE * 
POSITIVE 


• 

• * 

• 

> 
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FUNDAMENTALS OF ELECTRICITY 
LESSON 1 

PART B 
ATOMIC STRUCTURE 

~ x - ' SELF-TEST 



1. Match the definitions In column B vlth their term In column A. 
Place the number before the definition In the blatfk apace beside 
• the proper term. 



a. Compound 

b. Mixture 

c. Molecule 

d. . Atom 

e. Nucleus 

f. Ion 



.1. The smallest* particle of dn element. 

2. A chemical cowb ina tidn of two or more 
different- elements. 

3. An atom having an excess or a 
deficiency of electrons. 

4. A combination* of ^laments or 
compounds In which the elements 
or compounds do not lose their 
original characteristics. 

5. The center of an atom which contains, 
the protons and neutrons. 

6. The smallest parjtlcle of a compound 
vhich has all the properties of 
that compound. 



2. Label the three particles of the atom below. 



✓-—Or 




3. What are the; atomic number and the atomic weight of the atom 
below? 





±4( 'Mel 

e vv°v,' e 



Atomic number 
Atomic weight 



v 







• 


V- ~ 

V 




* 


Y 

*• » • 


4. Label these atoas as having a positive, negative, or neutral 

# charge.;-'^ 


< 


1 4 ©1 ©1 ©( ©1 

e v>-^. 0 e\N-V0 © x >— -V© 

\ • — ^ • \ — / 

> * — — <s » ^ 


& 


• 


A B C 






* * 




* V 


5. Electrons rtaoftd fro» tiiclr orbit about an at on are calle4 

_ • ■ 


• 




6. How does a good conductor cooper e to a good inaulator with 
respect to the nunber of free electrons In tech? 




. « «* 


*. 

Conductor 
Insulator 






7# How is electrical energy transferred through a conductor? 




> 


8. When a negatively charged atoa Is contacted by a positively 

- — charged atoa, electrons will flow fro* the 

atoa to the atom. 

* 

* ** 




* • 

5 

* *» * ' 

* .* * 
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LESSON 1. PART B 
ATOMIC STRUCTURE-SELF TEST ANSWERS 



1. .a 2 

b 4 

c 6 ' 
d 1 
e 

f 3 {i 

2. Electron ^ 
Proton 
Neutron 

3; Atomic flbmber 9 
Atomic weight 19 

4. (a) Negative 

(b) Neutral 

(c) Positive 

5. Free electrons • 

6. Conductor - more free electrons 
Insulator fewer free electrons • 

1. By the movement of free elections from atom to atom 

8. . . . negative .* : . positive 



END OF LESSON 1, GO ON TO LESSON 2 



u.i6 * • 74 
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FUNDAMENTALS OP FLECTRICITY 

LESSON 2 
INTRODUCTION TO ELECTRICITY 
AND 

ELECTRICAL SYMBOLS 
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Ttfls is a programmed^leason. It is designed to teach, . 
not to tost. Too will need only this booklet, a pencil, 
and nam ttm to complete this lesson. If thsrs is 
soosthing in ths prograa you do not understand, ask 
your instructor or supervisor for assist sues. 



- REMQSSR - 



This lssson has boon writton 
so that ths aaount of reading 
necessary is winlml and yst 
aost asanlngfel. Therefore, 
it is vary important that yon 
follow these instructions. 



Read each page carefully. 
Pill in each blade . 
Keep the answer to the 
from on which yon are 
working cowered with a 
slip of paper until you 
hate written your answer. 
Corr^gt all errors you 



Fellow all directions 
given In the program. 



■fit 
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180 MINUTES 
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iiSSON 2 
PART A 

INTRODUCTION TO ELECTRICITY 



OBJECTIVES 



1. State the source of the. electrical energy found in all matter. 

2. Given illustrations of different bodies, label each as being 
* negatively or positively charged. 

3. ** State *the condition of two bodies when the electrons have been 
* physically removed from One and attached to the other. 

4. S£4te the,primary cause of static electricity. 

5. .Select from a given list of statements the one correctly 

describing wlTat occurs when two unequally charged bodies contact 

* . * each other* < 

State the hazard produced-Jjy the electron flow between two 
separated bodies. . 
; 7. List two means used in aviation. to prevent the buildup. of static 
electricity. . 

8. State what must be overcome by tbft potential difference in order 
to have current flow. 

9. Selfect from a list of terms two terms that mean the same as 
potential difference. 

10. .List the three primary methods of-produclng electromotive force. 

11. Name the correct units of measurement for measuring electromotive 
force, current, and resistance. 

12. Select from a list of instruments the ones used to measure 
electromotive force, resistance*, and current. 

13. List two types of current flow. * . . 

14. State the term used to identify materials that offer low 
resistance to current. • 

15« State the term used to identify materfals that offer high 
resistance to current. 

16. State whether the resistance of a^conductor or an insulator 
- ■ - increases or decreases when its "temperature or dimension °is 

varied*. 

17. State what effect an increase- in voltage or resistance will have 

on current. * 

18. Using the mathematical formula for Ohm's law, solve three given 

electrical problems. 

19. Given the term static electricity, charged body; current vflbw, 

* ' potential difference, Ohm's law, and -resistance, match them with 

their respective definitions. 
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1. 



Iron studying the prograa on atoale structure, you 
know that electrical energy la the nnisnaiiL of free 
electrons through « conductor. Since these free 
electrons ere pert ef the etc*, yen can see that the I 
ectnel sonrce of electrical energy Is the 



ATOM 



2. 



Circle the letter above the illustration that 
represents the source of alt electrical energy. 



3. The source of the electrical energy found in all 
■etter is the 



ATOM 



4.. Since all natter is node- up of atone, any body of 
matter is a source of . • BM «4 



ELECTRICAL 



A body of natter in a normal or balanced state will 
have one electron for each proton. Electrons can 
be renoved fron one body and attached to another 
body. When this is done, one body will have nore 
electrons than nornel and the other body will have 
less electrons than nornel. 

Label the bodies as .having a balance of .electrons 
and protons, an excess of electrons, or a deficit 
^of electrons. * • ^ 



S3 S3 

© 




€3 €3 




€3 €3- 
0 




B. 




c. 





A. DEFICIENT 

B. BALANCED 

C. EXCESS 



When electrons are removed from onetbedy and 
attached to another body, one body vill have an 
excess of electrons while the other body will have 
a shortage of electrons. These unequal charges at 
rest on two bodies are known as static electricity. 

Select the two bodies that have a static- clectrlcol 
charge. 



€3 


'0 


© 


€3 



€3 


© 


63 


€3 



e 


€3 


© 


€3 
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B 

C 



a. 8 

b. 4 



STATIC 



CHA1CSD 



7. Count the nueber of electrons (-) and protean (+) 
on tho body below. 



ee.Q.es 



a. Huaber of alsctrons^ 
bo Ifunbor of protons: 



a* Thara *ara tight alactrons and four protons • This 
. mans that tho body had an axcass of alactrons; 
tharafora, It has a nagatlva charga. Thasa 
alactrieal chargas at rast on a body are^ 
alacftrlqlty. 



9. A chargad body la ona having 
normal tranbar of alactrons (-). 
bodlaa is chargad? • • ' 




€3 £3 




€399 


€3 €3 




DO© 



10. If • body haa more or less than its normal amount 
of electrons, it ia knows aa a body. 



11. Circle the letter above the charted bodies. 
A -» c 



€3 €3 
9 9 $3 



€3 ® 




€9 


€3 






€3 


€3 




B 







<D GO® 









e 
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"* iJlf? ^ ich *" had ,0 - •« •lwtroo. r-oved 
tl^M b«l«r that represent • body with apaltlve 




L (eeeeee( ) 



13. circle the Utter bcelde the true etateaent. 

* 

a. A body having fmr protons than electron* 
la politicly char god. 

b. A body baring fever alactrona than protone 
la poeltively charged . • 

c. A body having en equal masher of :*loctfona 
and protons la poeltively char gad. 



Select tha Itaas that bava a negative eharga. 




8©@egj) 



®e.eee® 
eeeeee 



4 

15. Salact thS trna statement. 

*• i Poaltivaly ehargad body la ona having 
fever protons than clectrone. 

b. A nagatlva ly ehargad body la ona having worm 
alactrona than protons. • 



c. 



A negctlvcly ehargad body la ona having 



■rotona than electrons 



9 

£K\C 



7'J 



r 



b. 



A. POSITIVE 

B. NEGATIVE 

C. POSITIVE 

D. NEGATIVE 



16. Label the Items below as having • poeltlve or 
.negative charge. . 




/- _ - _ 




4- - 


1 * 




D. 



17. 



You have studied tha electron and the meaning of 
positive and negative changes. *ow 7°" **• readT 
to find out bow these charges are produced. Tha 
primary cause of static electricity Is friction. 
If you rub two different materials together, 
/electrons way be removed from their orbit In one 
material and captured by the atoms In the other 
material. This Is producing static electricity by 
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ntlCTIOM 



18. 



When a hard rubber red li rubbed with fur, the fur 
loses electron* to the rod. Tho rod becomes 
negatively charged, and the fur become* positively 
charged. Friction la on* way of producing static 
electricity. Refer to the Illustration* to complete 
the statement* below. • 




Figure A 





Figure B 



t« In f Igura A, the two bodies contela en 
' Mount of electrons • 
(equal /untqual) 

fr # After the two bodies In figure B have been' 
rubbed together, their charges will be 



(equal /unequal ) 

Co The unequal charges that exist on the two 
bodies In figure B are electricity. 

d # One way of causing electrons to leave one 
body -and be transferred* to another body la 

by ; 
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, Isn 2; p, 7 



» 



81 



a. IQQALv 

b. UNEQUAL • 
*C STATIC 
d. FRICTION 



19. Friction between two bodies "#111 cfcuse botlubodiea 
to becom charged— one positively and one*! 
negatively. Therefore, tftese tiro bodies will have 
an attraction for aach other. For example, when 
you run a coob through your hair several tltati, tha 
conb and the hair develop unlike chargaa because of 
tha friction involved. How, if yon hold tha conb 
over your hair, your hair Will ba attracted to tha 
corib. - « 

from the inforoatlon above, we, are given one of the 
laws pertaining to charged bodlea. Thla law atatea 

that bodlea With unlika chargaa will 

each other. 



ATTRACT 



4 



20. 




Select the law that correctly explains why the 
man's hair la attracted to the comb. 

a. Like charge* attract. * 

b. Unlike chargeCrepel. 

c. Like charges Vepel. 

d. Unlike charges attract . 



d. 



21. If two unllke*charged bogles, one" negative and one 4 
positive, are brought together, they 'will attract 
each other. * 

Select the two bodlea that will attract each other. 

A B • * J C 



8® 



ee 
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ATTRACT 



22. The law of charges states that unlike charges' will 
- - aaeh other. 



23. Tha lav of charges atataa that 9 If two llka-charged, 
bodies are brought together, they will repel (aove 
.Hway) from each other. Circle the letter above the 
. bodies that will repel each other. 



©© 



©© 



- c 

©© 



24. Circle the letter above the bodlee that will repel 
each other* « 



A 

e© 



© © 



c • 

©© 



25 * The lev of chi 



it like chergee wlll t 



REPEL 



26. The lawj>f chi 
repel end 



thet 

chergee attract. 



chergee 



LOT- 
UNLIKE 



a. nrro 

b, nt<* 
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27* 



A body thet is positively chefged hee a lack of 
eleetrone. Thte body could then be eubject to 
gelning electrons. It would get theee eleetrone 
froa « body thet it*negetlwely charged or hee en 
excess of eleetrone. . 

Therefore, . . : 



e. e body thet la positively charged la eubject 
to eleetrone flowing ^ " * ^ it. 

b.- a body that .le negatively cherged le eubject 
to eleetrone flowing it* 



28, *If bodlee with unequal charges contact each other. 

the eleetrone will lee** the negative- cherged body 
0 ai^ flow^lnto the > charged body until 



I 



their charges site equal. 



POSITIVE 



■r 



29. Unequally charged bod it • In contact' will aqua lire 
their chargea by a flow of between 
then. 



IUCCTROMS 



30. Select the etateaent tha't correctly describes what 
occurs when two unequally charged bodies contact 
fach other. 

v 

4,* The electrone flow froa positive to 
negative until the bodlea equalise 
their chargea. • 

b. the electrons flow from negative to 
positive until the bodlea equalize 
.their charges. 

c. There is no flow of electrons because* 
unlike charges repel each other. .' 

• s - i 

d. The electrons flow from one body to * / 
the other aa long aa they are tn contact. 



b. 



31. When two opposite charged bodlea ate brought near 
each other and the difference, in their charges is 
great enough, there will alao be an electron flow 
between then. Choosfc the illustration in which the 
electron flow 'would aost likely occur. 

4 



B 



WW 
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32. The electron flow between two separated bodlea will 
be in the fon of a spark. What could be the! result 
of a spark between the two bodlea in thla illusn 
t rat ion? ]. 





w © e 



FIRE, EXPLOSION, 
OR ANY SIMILAR 
ACTION. 



SPARK 



SPARK 



SPARK 



1 



BONDING WIRE 



BONDING WIRE 
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33, 




What Is created by the electron flow between the 
separated bodies above? 



34. 



What Is produced that could be hazardous when there 
Is an electron flow between two separated bodies? 



35, Anytime there Is friction between bodies of 
different materials, such as fuel flowing in a 
hose or an aircraft flying through the air, opposite 
charges will build up on the bodies. If the charges 
become great enough, ,an electron flow will occur in 
the form of a 



36. When the difference in charges between two parts on, 
an aircraft Is great, there is danger of a spark 
jumping between the parts. A bonding wire (con- 4 
ductor) is a safety device used to connect these 
parts on an aircraft. This gives a path for 
electron flow between the parts. To prevent a 
spark betweefe various parts on an aircraft, a 
. ^ Is Used. 



37. Various parts of an aircraft are connected by bond* 
m lug. wire to permit a free flow of electrons between 
them. This flow keeps their charges baUnced. To 
prevent the buildup of static* electrical 4 charges, 
parti t^at are Insulated or separated from each 
otjiet are connected by* * , 



38. 



engines ^of this aircraft are mounted on rubber 
-shock mount*. However, it does not have a buildup 
of static electricity because of several of these 
.parts* • ^-s. 

of this part is a 




11 , 



> ♦ 
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" ERIC 



X-' 



X 



eric; 



BONDING WIRE 



BONDWC WIRE 



GROUTO WIRE 



A. GROOM) WIRE 

B. GtOUHD WIRE 



39 . To connect parts of an aircraft to prevent the 
buildup of static-electrical charges, a 
is used. 



55 



'40. Another device used to prevent the buildup of 

static electricity' it a (round wire. A ground wire 
allows f a constant dissipation of electrons and 
prevents a body from becoming charged. The chain 
hanging froa th* back of a gasoline truck is en 



\ 



le of a 



41. A ground wire is used to connect aircraft and fuel 
trucks to the earth during refueling. Label iti 
A and B below. 




: 9 : ^ 

42. To maintain a balanced charge between an aircraft 
and the fueling /truck, fov grounding cotmecticms 
ouit bd mde/ Match -each letter in the illustra- a 
tion below with the statement which describes that* 
grounding connection. 

_ a. Truck to ground 
l >b.. Fuel nossle to aircraft 
' , c. Truck to aircraft , 
d. Aircraft to ground 
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A" 



.Si? • ' ' 



a. D 

b. A 
o. C 
d. B 



a. BOND DC WIRE 

b. GROUND WIRE 



b. 



43. 



What are two weans used In aviation to prevent the 
buildup of static electricity? 



V1 



e. 

b. 



44. 



Static electricity baa no real use to us % we only 
want to control it. Row let's study about else- > 
tricity we can use— dynamic electricity. Select 
the itesi that must be aoved from one point to 
another point to produce. electricity. 

1 

a. Proton 

b. Electron 

c. Neutron 



45. 



Electrons flow froa a point having an excess of 
electrons to a point hawing a lack of electrons. 

Draw an arrow between A and B to indicate the 
direction the electrons will flow. 





ee 
e 



Tha alactrona. that art saving ara jfraa alactrona « 
Thaaa %fraa •Uctrcma ara In a randoa aovamnt In. a 
conductor all tha tlat; but jrttan va can gat then 
to drift or aova In ona dlrafetlon* wa will hava 
currant flow. 

Which illustration rapraaanta currant flow? 



A 






>B 


7 




ee 




ee 








N 


e© 




©9 




ee 




ee 
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« 

47. A drift or wnittt of electrons in out direction 
through a conductor Is called . 


CURREUT FLOW ' 

s 

*■ ■* » 


48, A force Is needed to move these electrons in one 
direction. One term used for this force Is 
potential difference. Potential difference is the 
difference In the at tree tire force" between unlike 
charges. 

Which Illustration represeftts the greater potential 
difference? 

A B 

• 

* 


O 


49., To have current flow, the potential difference wit 
be great enough to overcome resistance. Resistance 
Is an opposition to current flow. ' ^ 

" In which illustration will current flow occur? 

• A B 

w 






i. - * • 




A 


50. Be fore ^current can flow, the potential difference « 
most be treat enough to overcome 


RBSISTAVCE 


* ^ 

SI. Since potential difference. Is forcing ok causing 
current flow* then the greater the potential 
difference, the greater the"$ 



11.16 * . * , 
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'CURRENT FLOW 



52. The drift or movement of electrons through a 
conductor is known as 



CURRENT FLOW 



53. What wit potential difference overcoat in order 
to have current flow? 



RESISTANCE 



54. The difference in the amount of electrical energy 
between two bodies la p d 



P OTENT IAL 
DIFFERENCE 



55. Potential difference la thelforce that causes * 

-Or*, 

electrons to we froai one point to another. 
Potential difference la alao known aa electromotive 
force (EMF). 



List two 
flow. 



s for the force that causes current 



a. 

b. 



a. P OTENT IAL 
DIFFERENCE 

b. ELECTROMOTIVE 
FORCE 

(EITHER ORDER) 



56. Another term uaed for potential difference and 
electromotive force la voltage. 




Mr. Force above is called by three different .terms; 
what are they? '* 



a* 

b. 
c. 



a. POTENTIAL j 57. What two terms me*n the s 
DIFFERENCE difference ? x 

b. ELECTROMOTIVE 



as potential 



FORCE 

c. VOLTAGE 



11. 16 
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a. 

b. 



ft. ELECTROMOTIVE 
FORCE 

b. VOLTAGE* * 



58. The common term used for potent i«l difference and 
electromotive force is _____ ; . 



VOLTAGE 



59. 



There are several .methods of producing electro- 
motive force (EMF). We shall only concern our-* 
selves with three of the methods: thermal, 
chemical, and mechanical. Thermal, chemical, and 
mechanical are three ways to pro<|uce _______________________ 



ELECTROMOTIVE 

FORCE 

OR EMF 



60. One of the methods of producing electromotive force 
(EHF) is the thermal (heat) method. When a metal, 
such as copper, is heated, the electrons tend to 
move away from the heated end towards the cool end* 
In other metals, such as iron, the opposite is true. 
The electrons move from the cool end to the heated 
end. If these two metals are connected at the 
heated end, the flowing electrons -will cross at the 
junction point. 



Mil 
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The method used to produce EMF in the illustration 
above is the method. 



30 



THERMAL 
(HEAT) 



61. 



Another method 0 of pplducing electromotive force 
(EMF) is the chemical method. When the molecules 
of a substance are altered, the action is referred 
to as chemical. For instance, when the molecules 
of air come in contact with bare iron, they combine 
and form rurft. In some cases, the los*. or gaining 
of electrons in this manner produces EMF. « 




The method of producing EMF illustrated abo^e is 
the method. 



CHEMICAL 



62. 



Shown below are two methods of v producing EMP. Wha 
method of producing EMF is shown in each illustra- 
tion? 





-.'PA 



A. 



B. 



A. CHEMICAL 

? 

B # THERMAL 



63. So far you have learned two methods of producing 

EMF— therftal and chemical. Now, let's learn a ^ 
little about a third method of producing EMF** the. 
mechanical method. Avffl-tmt you move a conductor in 
. a magnet id field, ydu are producing EMF. inducing 

EMF in this manner is an example of the 

method. 



11.16.. . 
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MECHANICAL 



64. Generators and magneto* produce EMP by rotating a 
large number of conductors in a magnetic field. 
* This ia an example of producing EHF by the 
method. 



MECHANICAL ' 



65. List the three primary methods of producing EMF. 
b. 



c. 



a. CHEMICAL 

b. THERMAL 

c. MECHANICAL 



66. The EMF produced by each of th e meth ods must be 

known, or measured, so that it can be used to full 
advantage. The volt(V) is the unit of measurement 
of 



EMF 



67. The EMF produced by some methods Is extremely weak; 
however, in all cases the EMF can be measured. "The 
unit of * measurement for EMF is the volt(V). Write * 
the unit of messurement for EMF in the space below. 
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• 

VOLTS 

* • 
* « 

* 

• 


* • 
68. To mature the EMF, en instrument which indicates 
volts is used. Ar shown in the illustration, this 
instrument is called a 






*# ' 

k r 




VOLTMETER 


69. The unit of measurement for EMP is the 

The instrument used to measure EMF is the 

• 


VOLT 

VOLTMETER 


70, The number of electrons the voltage can move past 
a point In a period of time is a measure of current 
flow. One volt moving a given number of electrons 
in one second past a point> having one ohm of 
resistance is one ampere (amp) of 

\ ■ 

\ 


CURRENT 


71. Measuring the number of electrons one volt can 
cause to flow through one ohm of resistance in one 
second is the method used to determine one ampere 

.of — 


CURRENT * 

] 

• \ 


72. Because the electron is too. small a unit to use in 
measuring the amperage, a larger unit is used. This 
Urgm* unit is the coulomb (6,280,000,000,000,000,000 
electrons). The coulomb is used as the unit which 
one volt must cause to flow in one second to obtain . 
, a current J. low of one 

\ 
\ 



11.16 
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AMPERE (AMP.) 

<* 


73. By increasing the mater of coulodbs per second, | 
current flow (amps J will increase; two gouloodbs • 
.two amps^ thro* couloubs • three amps. How many 
amps, are flowing In this illustration? 

i \f>v ^ mill OMRS 
ONE' OHM - . PER SECOND 
RESISTANCE 




« * 


FIVE 

» 


74. What oust occur to have om aapere of current 
• flow? 

* 9 
9 to 


0« VOLT MOST ^ 
MOVE ORE 
COULOMB THROUGH 
ORE OHM OP 
RESISTANCE IK 
ONE SECOND. 


73. Since such a largo nunber of electrons are aoved . 
to obtain only one anfs an instrument met 6e used 
to measure current flow.' An ammeter Is the Instru-. 
sent: used to aeesure 


CURRENT PLOW 


76. Current flow In a circuit nay oe aeasurea oy using 
an 

— — — — i 


AMMETER 

1— , 


77. The unit of measurement for current flow Is the 

, The Instrument used to aeasura 
current How Is the 


\ 

AMPERE (AMR) 
AMMETER \ 

• 


78. Thar* are two types of.. current flow. One type Is 
current flow produced by a battery. This cype 
flows In only one direction. This type is usually 
referred to an D.C. or 'direct * 1 

* * 
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CURRENT 



DIRECT CURRENT 
(».C) 



DIRECT CURRENT 



79. What type of current flow would the circuit In the 
Illustration have? 



BATTERY 




80. A modified type of direct current, in which the 
current flow la interrupted periodically, causing 
it to pulsate, is called P.D.C. or pulsating 



PULSATING 
DIRECT 



PULSATING 
DIRECT CURRENT 
(P.D.C.) 



81. The ignition system of cars and some aircraft 
breaker polpts to interrupt the, current flow. 
\., type of ignition system produces -a 
*T t current. 



This 



82. 



If the switch in the illustration were opened and 
closed rapidly, the direct current of the circuit 
would then be * 




83. The second type of current flow is the 1ype which 
alternates its direction of flow. The type of 

, current which flows first in one direction abd then 
in the opposite direction is A.C. or* 
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ERIC 



95 



0 

ERIC 



ALTERNATING 
CURRENT (A.C.) 



DIRECTION 



a. DIRECT 
CURRENT 

° (D.C.) 

b. ALTERNATING 
CURRENT 
(A.C.) 

(ANY ORDER) 



TEN OHMS 



n 



5 OHMS 



OH^tffiTER 
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84. D.C. flows in only om direction; A.C. periodically 
changes lt» * , of flow. 



85. Whet ere the two types of current flow? 



a. 
b. 



86« Symbols ere ueed extensively in electricity, 

usually to represent e component in e circuit/ 
However, the sywbol f\ . (the Greek letter Omega) 
is used to represent ohas. As an example, 10 J\ v 
£s reed ee « \ 



87. The oha is the electrical unit of insistence; iV~£ 
is represented by this synbol; . 



88. Whet is the *esistence of the light bulb in the 
illus tret |on? * 




±L. W 3 AMPS 
— 15V 



.X 



&1 



$9. If the resist ence of e Circuit or en electrlcel 
device is "unknown, it cen be Matured with en 

• . /*ohmmeter. An instrument that Is used to determine 
' the resistance of e circuit is the 



v 



90. Whet is the reslstence of the circuit below? 



The lnstruaant used to aaesure this reslstence Is 
celled an . 




6 AMPS 



\ 



90 



w 



5 OfM 



CURRENT 



91. To have current flew, voltage mist overcome 
resletencc. The resistance of a materiel 
indicates lt« degree <high or low) of opposition 
. to flow. 



RESISTANCE 



RESISTANCE 



. » 9 



CONDUCTORS 



TYPES 0* 
MATERIAL 



CONDUCTOR 
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92. All materials have com resistance to current flow, 
end they may be divided Into two basic classes 
depending on whether they have high or low 



93. 



94. 



95. 



Conductors are materials that offer little 
opposition to current flow and are classed as 
aatarlals having low 



Somi ■•terlale that .have low resistance to current' 
flow are silver, copper, and alualnua. These 
aaterlals are all good 



The resistance of conductors, in general, is 
affected by three factors; type of Material, size 
of notorial, and temperature of notorial. • Silver 
is the best conductor, since it has the least 
resistance. Copper is next, since it offers 
slightly more resistance. Conductors node of 
filwer *nd copper have different resistances 
because they are node fro* different 



96. 



Silver, because of its cost, has a limited use as a 
conductor. Copper is 'readily available ,and is" 
the type of notarial usually used as a * 



97. The type of notorial is one factor affecting 

resistance. The site (length and diameter) of the 

. , notorial is. another factor; The greater the 

distance the current oust travel, the greater the 
voltage oust be. .This Indicates that as the length 
of the conductor increases, its resistance . 



97 



INCREASES * 

* 


98. Which conductor bo loir hot tho groat.ot resistance? 

/ 

\ 

PO FFFT * lOFEET 20 FEET 
SILVER . COPPER COPPER 

* ' A ' - 1 C 

* - 


c 


99 • The resistance of a conductor increasee at its * 
length increasee. However, an increase in its 
diameter has the opposite effect. Aa the diaaeter 
is increased, the resistance Will 


DECREASE | 

t 

N 


100. Whan the length of a conductor is increased, its* * 
resistance ; when ita diameter is jj 
increased, ita resistance • S 


INCREASES 
DECREASES 


101. temperature, the tjiird factor, haa the. same effect 
as length* An increase In the temperature of a 
» conductor will ita resistance. 


> • 

INCREASE 

• 

f 


102. List the three factors affecting the resistance 
of conductors* 

a* - 

». ^.j . i 

y , r : 


TYPE OF MATERIAL 

SIZE (IEMBTB 
' AMD DIAMETER) 

TEMPERATURE 
(AMY ORDER) 


103* Conductors are materials that have low resistance* 
Insulators are materials that have 

* 9 


HIGH RESISTANCE 


104* Materials which have high resistance end are 
often weed to shield conductors are 



' 11. 16 

V- l sn 2; p. 24 ■ • 9 

- ERIC , : • * 



INSULATORS 



HIGH 



'MATERIAL 



TTPE OP 
MATERIAL 



INCREASED 



INCREASE 



DECREASE 



ft* INCREASE 
b. DECREASE 



105* The purpose of an ineulVtor is to oppose current 
< flov. The best type of material for' an insulator 
would be a material having resistance. 



106. Some matiriali make better insulators thin others. 
One factor sthat affects an insulator's resiatanca 



tn the type l^f 



107. One factor to be. consider ad in selecting an 
insulator is the 



108. 



The sise (thickness) of an insula to* will affect 
its resistance. If the insulation on a conductor 
allows current to flow through it, it indicates 
the size (thickness) of the insulation should 'be 



1&9. Increasing^the size of an insulator will 
its resistance. 



110. 'Temperature will-^o affect the resistance of an 
insulator. Glass, an insulator, when heated will 
conduct electricity. This indicates that an 
increase in temperature w^Lll cause an insulator's 



resistance to 



111. .What would be th^ffect on the resistance of an 
. insulator if its * 

a. size were increased? - 

b. temperature -were increased? 



112; 



The factors affecting the resistance of a conductor 
also affect its relationship with current flow. 
The relationship between resistance, current flow, 
and electromotive force is explained by Ohm's law." 
There is a close connection between resistance, v 
current flow, and electromotive force which can be 
found in law. « 
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99 



j ohm's 



113/ 



CfaTo law nat*;3 t : he'clcae tie9'b«tvaaa 
* • . .... i » ,„., „■■-,., .,,-„ , .„ - 



ELECTtldlOTIVS 

CURX22rr FLOW 
"RESISTANCE 
(ANY 05DER) 



b. 



EM? 



DECREASE 



i 



Pa*',: vt Ohm' a 1** 'Jtatag that, current flav is 5- 
dirsccly proportional to EMF, lAa you increase : "<k» \ 
Tolt&gs or you ^ill also incraaaa current flow 5 

ar* -00^:1 or proportloswM .jaouct, . Salact ?ha ^ 
•ttitnutafc bale* th*t ia covracd. * !« 
^ ' 
2, If /oltaga iJ incrsaaad l>y i/2, current : ^ 

decre::3a3 *;y \J2. *° . 3 

b, If -rolcaga 13 incruscad by 1/2, currsnt 'j 

incr**ea'3 by 1/2, ' ] 

C' w If V6!tsge v ia incroacsd by 1/2, currant *&>&&iiv* \ 

d. None of these ia corract, . I 

\ 



115- 



When EHF incr^aaaa, currant flow also increases • 
This fact £h<rJ3 that tha .current fj.0^ ia diyectly . j 

- ■ ' ■ . * ' j 

, n — , I III ^ |_ ■ ■ L I 1 ■ > II I I I HI I 11 I I IT I Bfrt - j 



prago£t£anal fro 



116. If currant flew t?ixl incraaa* aa IMF Is insraaaad; ] 
« 4jecr«fte« in Sll?'^ill y*cd&a a , , x „ ;nT _ A T ..._^....,: j 
in currant f lev, . 



L17. 



' I- 



•JS.« fivot p^rt ot Ohai'a jfcc&a h«w current ftw < 

arid are ralatad, Tha sacond part it aluag j 

how currant flew ana ranlstance ara related. Xt * j 

ua^3 that current £Is*f is invar 3«ly prooorti^sai , ] 

to raciatanca. This tasana that a change in j 

rwiataVxa, aiths* higher or lc**r f * vill oxedteca. j 

izha oppo^it^ change in .intrant" flov. « Salope tha, j 

correct gcata&aat bslo^, ( 



1 



1 

i 



1 * 

a. Air resistance incraac^Oj curr^nc flow da^raasae, j 

b, As rsal&tanca iaersafiaiSj 'current rlctf iacre^aaa* i 
2^ Aa rosi;itnr.c3 L*erH*w* 9 c:ifr«nt flew retina j 



riifi < j^^fiCM incr«Aa?fid 5e current Qow decr'^'id^a. * j 
"•rhi^ -Dalies that currant t;c^? Ijj itwaraoly j 



pi 3TO>;-; :.Oi!al W'ttfc 
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/ 

f I 

V 



RESISTANCE 



INCREASE 



DIRECTLY 



INVERSELY: 



«. DECREASE 
b. INCREASE 



DIVIDE 



DIVIDE 



MULTIPLY" 
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1». Current flow la inveraely proport tonal with 
raaiatfenca. Thla aaana that aa r existence la 
decreaaed, currant flow will 



120. Oha'a law atataa that currant flow la "' 

proportional to BMP and proportional 
to raalatanca. * " 



121.. Coaplete {he atataaanta bulow. \ 
a. When raalatanca la increeaed, -current flow 

* 1U ': . It , 

h. Whan voltage" la Increaaed, currant flow will 



122. Oha'a lav in the mathematical formula looks like 
1 . The horizontal bjr In the circle, 



e*ns to divide. In ordar to find I, you 
B by R. 



123. The horizontal bar, 



aeana, to 



124. The vertical bar In .the circle, » ***** to 

a wultiply. If you nuat deterwipevE by the Oim'a 
law-wathemtlc formula , you . ' ■ : 

i by R. 



125. -The yertlcal bar in _ {he circle, 



Mens to 
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MULTIPLY 



126. How, when given some information, yon can insert 
the known values in pUct of the letters in the 
. circle and perform the Indicated mathematics to 
solve' for the unknown valuf . 

Solve the problem given below >y using the Ohm 1 a 
law formula. 



I -■ 2 amps. 
R ■ 6 ohms 
E • ? 




\ 



• e 



volts 



1 - 12 VOLTS j 127. In ord.r to find E, yon an.t 



I by 



R. 



MULTIPLY 



128. Solvo for th. unknown In th« probl«M b.low. 





r x 



K - 12 volts 
I » 3 amps 
R - 



ohms 



g m 24 volts 

R * 6 ohms 
I m amps* 



— — p 

A. R - 4 OHMS \ 129. In ord.r to tolvo for flthor I or R, yoo «u»t 

B. I - 4 A^PS* 



DIVIDE 

\ 



130 



Draw, the ■»th««*tlc»l fonuU for Ohm'* Uv. 



11.16 
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t 

1.02 





131. In using the aatheaatical fonsule for Ohm's law, 
you probably noticed that letters are used to 
represent the various vslues. The letter E 
• represents voltege. The letter R represents 
resistance, end the letter I represents the intensity 
or rate of current flow. Match the letter with the 
item it represents. Place the letter in the proper 
space beside its true meaning. . 

R . Electromotive force 
E b. Anperage 

1 e. Resistance 

* 

■ : ■ 1 ) s 


i 

4 4 
^» * 

\ 


. 

. a. B • t 

b.* I. 

C. R ' . 

4. 

> 


132. Solve for the unknown vilue in figure 2. • 

Figure A • Figure B © 

N ■ 

The comparison between figures A 'and B proves . 
that as voltage increases , current flow 

e 

» 2 


4 

INCREASES . 

t 

* 

'1 1 1 


\ 

0 

y 

• 

- ' • . " c 

* o 

> / 

l 

■ ' i- 



11.16 
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FUNDAMENTALS OF ELECTRICITY 
* LESSON 2 ' 

x * PART A 

J 

» INTRODUCTION TO ELECTRICITY 

SELF- TEST 

1. What Is the source of the electrical energy found In ill setter? 

— — — 7 • , * -' 

2. Label the Illustrations below as being positively or negatively 
charged bodies. 



A>, j Z t B. i C. : D. 



s 

3. If electrons are removed from one body and Attached to another 
body, the two bodies would be In a cdndltion. 

4. What Is the primary cause of static electricity? 



:tly 



5. Select the statement that correctly describes what occurs when 
two unequally charged bodies cbntact each other. 

a/ The electrons will flow from positive to negative until 
the bodies equalise their charges. 

b. The electrons -will flow from* negative to positive until 
the bodies equalise their charges . 

c. There will be ^ f low of elections because unlike charges 
repel each other.* * 

d. The electrons will flow from one body to the other as 
long as they are In contact. ' 

6. What Is produced that could be hazardous when there. Is an 
electron flow between. two separated bodies? 



7. What are two means used In aviation to prevent tne buildup of 
static. electricity between two bodies or objects? 

b. 



lit 16. ' • ' . . • 
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. 8. What seat potential difference orercoae In order to have current 
flow? 



9. Select two terse that seen the saae as potential difference. 

» 

• • Resistance 
- be Electromotive fores 

c. Current flow 

d. Vol tags 
" e. Static electric ity^ 

10. What are ths three primary^* thoda of producing electromotive 

force? 



a. 

b. 
Ce 



11. List the correct unit of aeatureMnt for: 

ELECTROM0TI7E PORCE (EMF) ' 

CURRENT PLOW \ 
RESISTANCE 



12. Select the correct lnatrtmen€ need to eeaaure: 

ELECTROMOTIVE FORCE ; 
- CURRENT FLOW 

• - f 

RESISTANCE * * 



INSTRUWNTS 
+• OtiMMBTER 
h. VOLTMETER 
C. AMCTER 



,13 • List .two types of current flow. 



a. 

be 



14. What are materials called that offer low resistance to current 
flow?, . 



11.16 
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15. What ara material* called that 6f far high raalatance to entrant 
flow? % 

' • ' \- 

16. What effect (Increase /decrease) does the following have upon the % 
resistance of a conductor ? ♦ 

Increase Its length, and lta 'resistance " 

Increase its diameter, and its resistance 

*» — — ai — » 

Increase its temperature, and its resistance • 

17. What effect^(increaee/decreaee) does the ^fallowing have upon the 
.resistance of an insulator? * ^ 

,< '< 

Increase its thickness, and its resistance * • 

* * - - 

Increase the temperature, and its resistance . 

18. Complete these statements about Oh* 1 s law. 

When resistance is increased, current flow will 

When voltage is Increased, current ^low will a - 

• , - * « •» 

19a Using the Mathematical formula for Ohm's law, solve these 8 

problems « 




11.16 V 
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20. Match aach alactrical tan balow with Ita contact definition. 



ELECTRICAL TERMS 



DEFINITIONS 



a. Currant flow 

b. Static alactrlcity . 

c. fcealatance 

d. A charged body 

a. Potential difference 
f. Otm'a lav 



1. Electrical char gas at 
reat. 

2. One having aora or laaa 

. than ita normal noaher of 
alectrone. 

3. Tha drift or aoveajnt of 
alactrona through a 
conductor. 

4. Tha diffaranca in tha" 
aaount of alactrical 
anergy of two bodiea. " 

5. Tha oppoaition to currant 
flow. 

6. Currant ia directly 

1 proportional to tha EMF 
and invaraaly proportional 
to tha reaiatance. 



11.-16 * 
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LESSON 2, PART A 
INTRODUCTION TO ELECTRICITY -SELF TEST ANSWERS 



1. 


The a|om 


17. 


Increases 










Decrease 




2. 


(a) > Positive . r 










.(b) Negative 


* 18. 


Decrease 


9- , •' 


> 


(cF Positive 


0 * * 


Increase 






(d)- Negative 


t 




t 


- t 


* 


. 19. 


" E _• 24v 




3... 


t Charged 




I = R 8n 


3 amps 

• 


4. 


Friction 




E 24v 










R = I 4A 


6 ohms, 


5... 


b • • I . / . . - , 














E = IR = (2A) 


(8ft) = T6 vorts 


6." 


A spark " - . ' ; 








20. 


b 1 




1. 


(pt) Bonding wire »' 




• d 2 






(B) Ground wire- , 




a 3 










e 4 




8. 


Resistance 










» * 




f 6 





9. b, d 



10. Chemical/ thermal, mechanical GO RIGHT ON TO LESSON 2, 

'• PART B - ELECTRICAL SYMBOLS 

11. -Volts • ' . . ' 
Amperes w . ' - " • ' • 1 



Ohms 



•12, b 

» c 
a 



13. (a) a. c. 
(b) d. c. 

14. Conductors 

15. Insulators 



16. Increases 
Decreases 
v ' Increases 

v 11.16 
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* FUNDAMENTALS OF ELECTRICITY 

LESSON 2 . , * 

PART B 
ELECTRICAL STMOLS 

V 

OBJECTIVES 

1. Given a list of electrical symbols and a list 
of electrical components, match the components 
to their respective symbols. 



2, Given a list .of statements pertaining to 

schematics, select the statement that describes 
a schematic diagram. 



11,16 
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I. Whether you are in 0F11 or OF13, £ knowledge of 

electrical diagrams is necessary. The diagram used 
the most Is the schematic diagram . The schematic 
uses symbols to represent the parts of the circuit, 
and a single line to represent the connecting viref , 
This is a typical schematic diagram. 




Parts are illustrated in a schematic by 



SYMBOLS 



a. 



n.-ie 

lsn"2; p. 36- 



2. 



Thd arrangement, of the parts in a schematic is by 
electrical priority. This is to say, the parts 
appear in the order in which they receive electrical 
•pover. 

The schematic diagram is arranged by * 

a. electrical location of parts. 

b. physical location of parts. 

c. neither A nor B. 

d. both A and B. 0 



3. In sch< 



tic diagrams, the parts are represented by 
, and they are arranged in 



order. 



110 



SYMBOLS 
ELECTRICAL 



4* To bt eble to* read a schematic, you oust first 
know what the symbol • used in the* represent. 
Below ere eight beslc shapes. Prom these ihepes 9 
or e cooblnetion of the*, *pst electricel syabols 
ere constructed. 

Study these beslc shapes; then proceed to the next 



A WWW- 



6 

D 



» ¥ 



o- 



These basic shapes aay appear at different angles when used in combina- 
tion with others, and straight-line shspes aay appear with a bend in 
thea. 



EXAMPLE; 



5 a The synbols below ere nade up of basic shapes. Break each syabol 
down into, its basic shapes by drawing its basic shanes in the dotted 
boxes* Do not Just recopy the syabol, % 

EXAMPLE; ^AVtf 5 * | "WWV 2 - ^s? \ 




r 
i 
i 



•T- 




r 



.11. 16 
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\ 



1 

I 



II f 



h : 



6. HOW. DO THE SAME WITH THESE SYMBOLS , 



11.16 
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-I 



e 



x. 



> . 



I 
I 
I 



Ton aay be wondering why yon ehouW know these 
basic ehepee; they ere the_etaikifcg point for 
learning the symbols i^ic\thmy .«ake tip. 



12 



J~Q 



-wwv- 



0 



Q ; 



nnnnn 



C 



] 



7. Thara art tvo groups of alactrical symbols that art 
shaped somevhat alike. ' 



Tha two group • art: 



RESISTORS 



AMD 



Kotlca that tha llnaa 
in tha resistor form 
a sigsag* 

■vww 



Remember this symbol by 
thinking* ,f Tha zigzag 
Unas in the, resistor 
symbol look Ilka 
mountains , and mountains 
raslst travel*" 

How, label thes* syabols. 



COILS (or < INDUCTORS) 

Ths lines In both of 
thsss typos of coll 
syabols ars colled. 



Ths syabols show how 
s coll is asde up of 
collsd, wire. 



A. con. 

B. MSXSTOR 

C. COIL 



A. 



B. 



C. 



8. «. Lines In a rsslstor syabol fora s 



b. Lines In s coll syabol sre usually 

c. Colls srs asds op of . wirs. 

d. Label the syabols bslow. 



-ww- 



(JL0.ff.ft; 



(1) 



(2) 



M. 16 
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) RESISTOR 

(2) con. 



9. 



A transformer It used either to step up or to step 
down voltage. Since a transformer is constructed 
with colls of wire, It seems reasonable that a 
symbol for s transformer should contain the coll 
shape. 

Below are some symbols for transformers. 



UUUUU 



-nnnm 




Air-core Iron-core 

trans former . trans former . 

» \ 



Variable 
transformer. 



9 

*. Which transformer sywbol has an arrow running 
through it? v ; 

be Which transformer symbol has nothing between the 
coils? " 

Cs Which trans fotmer symbol has ^eavy lines between 
the colls? * 

♦ 

The heavy lines between the coils represent sn Iron 
core. The Iron core is simply s piece of Iron 
around which the colls sre wrapped. An arrow 
running through the colls s>£ a transformer or 
through a resistor meens the transformer or resistor 
'is variable. 



Label the symbols below. 

A. 



UapjJ 



nnnnn 



B. 



C. 




D. 



E. 
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a. VARIABLE 

b. A IK-CORE 
C. ROM-CORE 
A, RESISTOR 

b. con. 

C. COIL 

D. AIR-CORE 
TRANSFORMER 

E. IRON-CORE 

„ TRANSFORMER 



10. Label the symbols below es coils, transformers, 
' resistors, variable resistors, or variable trans* 
f oners. 



3.o* 



A. 



rronn 




nnnnn 



E. 




G. 



F.. 



a. con. 

B. VARIABLE 
RESISTOR 

C. AIR-CORE 

' TRANSFORMER 

D. con. r 

IRON-CORE 
TRANSFORMER 

F. VARIABLE 
TRANSFORMER 

C. RESISTOR 



11. Draw tbe syabols for these garts. 



a. Iron-core 
trans forpsr 



bo Variable remittor 



11.16 
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/ 



'415 



s. < MSU 



c pnnnr| 



11.16 
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9 

ERIC 



12. 



Perhaps some explanation of tha term variable 
remittor should be given. .JFhe term variable simply 
meehs the reslstsnee of s reslstfr csn be varied. 
„ The rheostat Is a good example of a variable 
resistor. 



Variable resistor 
or rheostst 



There is another sytabol which looks similar to the 
rheostat — the potentiometer . The main difference 
between the symbols is the number of terminals 
(shown as dots) which lead from each onex The 
rheostat will have twb and the potentiometer will 
have three dots in the symbol. ^ v 




v3 



?otantloaetar symbol* 
Draw the aynbolt for ttaa parts illustrated below* 




a a Air-core transformer 



0 



be Iron- cor a transformer 



Ce Raalator 

de An arrow through a raalator symbol or a 
tranaformer eymbol indicate* that it la a 
raalator or transforms 



a. XfcflJUU' 

nnnnn 
nnnnn 

d. VARIABLE 



A. CELL 

B. BATTERY 

C. RECTIFIER 

D. BATTERY 

E. RECTIFIER 



13. How, iom ayafcola that waa > and' | — f * 

ahapaa; Tha a'la^laat la tha single call. - 




The battery Is atrely a combination of cells,; to 
the synbol for . a battery It a series of cell 
symbols put. together as shown below* - 




A tbctlfier is a device that changes alternating 
current to direct current . Below are two sypbols 
s for the rectifier, -Either of these synbols may be 
used. 




<*4 



What db these synbols represent? 

T. : . f . f • : 

A. ' B. C. ' D. 



T 



E. 



14. Ualng tha ahapaa 



ajabola (or thaaa parts. 



^ and | — 



a. Call 



b. Battary 



, .draw tha 

X 



c. Ractlflar 



11.16 ■ 
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r 



5 O 

CRJC 
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t 



J 



r - 



V 



*..-h|#H 



c. 



Here ere t 

And |— * 



lore eyebole using the shafts 
These three e^e £££tcitor». 

lb* -3- 




- THIS STMOL 

. HI— . 

wl±h an arrow through it means 
athariable capacitor. 

Variable capacitor. 



Label the symbols below. 



■l 

T 



A. 



B. 



XT; 



D. 



P. 



6. 



11". 16 

Isn 2; p. 44 



9 

ERIC 
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16. Contacts aay be illustrated by the symbols b«low. 



A. CELL 

B. CAPACITOR 

C. RECTIFIER 

D. CAPACITOR 

E. BATTERY 
ff F. CAPACITOR 

G. RECTIFIER 



11.16 
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When the symbols above ere mad, you will usual 1 A 
aaa tha symbol for an electromagnet used with 
the*-- indicating a<relay. 




to 



Electromagnet • 
v a. Label the iyt*^i^lov. 



Relay. 



a) 



(2) 



(4) 



(5) 



be Draw the ayabol for thf following: 



(1) Battery 



(3) Contacts 



(2) Capacittor, 

v — I ^ / 



(4) Electromagnet 



(5) Relay 



. 113 



I 



l«. 

'(1) CONTACTS 

(2) . VARIABLE 

CAPACITOR 

(3) CONTACTS 

(4) ELECTRO- 
MAGNET, 

(5) RELAY 



(i) 



(2) 



£3- 




«3> 



• A. 



(5) 



17. 



11.16' * 
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Now, let'* look at some symbol* using the f~\ 
shape./ These should be no problem to V-/ 
reaember. .Look for the letter within the-circle. 

* « J i 

Below are several symbols; they are aelf-exp lavatory. 
Anmeter 

Voltmeter - * 

^Offl^ Ohimneter 1(Q 

Motor * " 

Generator 

Milliananeter ^ 
Millivoltmete* I * 





As you can see, the letter la "the identifying mark. 
The symbol for the lamp is the exception. 

Lamp symbols. 
Motors and gehefators have some variations. 





5? 




Mbto.r symbols. 



Draw the symbol for the following 



*• On 



immeter 



Generator .symbols, 
ng: 
b-. Ammeter 



C. Voltmeter 



d. Lamp 



\ 



120 



j. 



r 



A. 

B. 

C*. 

b. 

E.- 

F. 

G. 

R. 
I. 



X. 



L. 



M. 



uumu 



7* ■« 



18. M*tch\each component with its respective synbol. 

c 

1. Voltmter , 

4 

•3. Cell 

A. Resistor 

5. Electromagnet 

6. Rectifier 

■ 

v 7* Capacitor 
s* 

' 8. Battery 

9. Contacts 
10* Rheostat 



if- 



nnrmn 



•Hi- 

^ - o 

•-©• 



11. Iron-core 
traits forms r 



12. Air-core 
transformer 



13. Abetter 



11.16 
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J2i 





12 


B. 


5 


C. 


'8 


D. 


I 


B. 


x 9 


P. 


7 


6. 


11 




<6 


I. • 


3 


J. 


13 


K. 


2 ' 


L. 


'4 


M, 


10 
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19. 



Let's- study twitches next.' Since an electrical 
circuit is « pathway for current to flow through, a 
break in this pathway would stop current flow. 
Switches are einply vays to break this pathway or' 
to control the flow of current. ^ 

Below are some symbols for switdftes..^ .. 

SWBLK-POLE, 
SINGLE- THROW 
• SWITCH 



SINGLE- POLE, 
DOUBLE- THFfGW 
SWITCH 



DOUBLE- POLE, 
SINGLE- THROW 
SWITCH. 



DOUBLE- POLE, 
DOUBLE- THROW 
SWITCH 




3\ 



To reaeaber theae twitches, think of the :*tunfcejr of 
poles as the number of vires coning to either side 
of the switch. Th# throws ten be thought of ei the 



maber of on positions: 
Exaaple: « 
SINGLE- POLE, SINGLE?- THROW 



OFF, 



ON 



ONE WIHfc, ONE ON POSITION 



SINGLE-POLE, DOUBLE-THROW 
OPP 



ON 



ON 



ONE WIRE, TWO ON POSITION^ 



a. The nuaber of wires coming to each aide of a^ 
double-pole twitch la - 

b> The nuaber of on poaltlona a. double- pole, single- 
throw ewltch has la - 
V c, < The mnber of on poaltlona a double-pole, double- 
throw awltch! has la 



122 



a. TWO 

b. OMB 
C TWO 



20. Front the descriptions below* mm the switch and 
draw tha syabol for It. 

EXAMPLE: Raa one wire connected to each tide of tha 
•witch and haa out on .position. sT* 

single-pole, 
single-throw _ 



NAME 



SYMOL 



Has ona wire connected to each slds of tha 
switch and hss two ofe positions. 



SINGLE- POLE, 
DOUBLE* THROW 



b. 



DOUBLE- PCI* 
SINGLE- THROW 



DOGBLE-POLE, 
DOUBLE-THROW 



H.16V , - ; t 
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b. Hss two wlras conntctad K to each slds of tha 
swltclt and has ona on position. 



Haa two wlras conns c ted ttf each side of tha 
switch snd has two, on positions. 



21. 



Two other devices which can control currant flow 
in s circuit sra circuit breakers snd fuses.- Both** 
of thasa ara safety devices* A circuit breaker* _ 
amounts to nothing »ore °then a fuse that can ba 
reset. * 

Below are the fuse and circuit breaker and the 
symbol for each; 

JOSE 



CIRCUIT 
BREAKER 



Both of these devices protect the circuit by 
breaking tha pathway for currant flow. 
Label these synbols. 




■a 



B. 
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A. DOUBLE-POLE, 
DOUBLE-THROW 
SWITCH 

B. FUSE 

C. CIRCUIT 
BREAKER 



I i 



22. 



The ground symbol is the most often used syrtol in 
electrical diagrams. This is the synfeol for ground. 



In an aircraft, as in your car," some components are 
grounded to the frame. This type of installation 
is known as a grounded circuit. This means that 
the ground (frame) is the return line for current 
back to the power source. Let 9 s look at a grounded 
circuit. " 



~ SVVffCH 

A POWER SOURCE 
-E- BATTERY 

m 

= FRAME 



MOTOR 



3 



In the circuit above, current flows from the 
battery, through the switch, to the motor, and then 
to ground. Since both the battery and the motor are 
grounded to the frame, there is a complete circuit. 



Make the circuit below a complete circuit by 
putting in the ground symbols/ 




2 



The only thing shown in an electrical diagram Is 
the ground symbol. The ground (frame) is assumed 
to be there.. 



23. Place a ground symbol wherever it is needed in the 
diagram below. 



X r— — O 

T ® . 



© (3 <$> 
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Oil 



"Hli 



24. Connection synbols represent permanent connections 
euch at soldered connections St connection* to 
terminals (screws and Into). Below ara sc 
connection symbols yon may see. 



+ 



You will notice that each of the 11 luat rations above 
has dots at the Intersection of the Unas. The 
dot is the actual connection of the wires. 
Shown below are symbols known as "no connect ion ." 
In other wefrds, these Illustrations merely show 
wires that cross each other but are not connected. 



+ + 



NOTICE HO DOT. 



Label the symbols below aa "connection" or "no 
connection*" 



+ 



A. 



B. 



D. 



B. 



F. 



A. MO 
CONNECTION 

B. CONNECTION 

C. % NO 
'CONNECTION 

D. CONNECTION 
B. CONNECTION 
r. CONNECTION 



25. Draw th. .yabol for each of th... coaponont.. 



a. Circuit breaker 



b«. Fuae 



c. tingle-pole, 
single* throw 
switch 



d. Connection 



o. Ho connection f . Ground 



11. 16 



a. 



b. 



+ 



f. — 
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26. Below ere two wove synbols for connections.. These 
syabol* represent connections which ere frequently 
.connected or disconnected. The first Is celled the 
connector (cannon plug). x 



\ 





-A 




* „ 


-B. 






-c 













Looking et the synbol for the connector 9 you cen 
eesily see Its use. The connector Is used for 
«ult Iwlre Inetallat lone. The letters Identify 
the wires. 

The next synbol represents the disconnect . 




Again, the synbol shows how It Is used. The\ 
disconnect le, for single-wire Installations.') You 
here probably seen this type on your car. 

Lebel the symbols below. 

- : • + . — 



A. 



B. 



C. 



'Illtf- 



D. 



E.' 



' 1L 



1 

T 



6. 



H. 



I. 



'J 



\ 



//Y 
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A* CONNECTION 

B. NO 
CONNECTION 

C. DISOOHNECT 

D. BATTERY * 

E. GROUND 

F. FUSE 

G. DISCONNECT 

H. RECTIFIER 

I. CELL 



*• circuit 

BREAKER 
b.* SPARK PLUG 

c# S? ARK 
%|TER. 



27. Th« lut two symbols art the spark glug , as used 

in your car, And the spsrk ignite r . ss ussd in a Jst 
sngine. First the spsrk plug. This syrtol is 
composed of ths ground lyubol snd two strovs facing 
sach other. Below is ths spark plug syafcol. 



mm 



Hi 



As~"you can sss below, ths spark igniter uses the 
ground synbol also, but it has a circle and cross in 
place of the two arrows. 



it 



Label the synbols below. 

. b. <-J| 



28. You have seen a lot of synbols separately. Now, 
let's put then in a schematic and sss if you can 
identify then. 



Label the numbered synbols in the schematic below. 




11.16 
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r 



(1) SPARK PLUG 
<2) CAPACITOR 

(3) IRON- CORE 

TRANSFORMER 
<4) GROUND 

5) MOTOR 

6) BATTERY 
(7) AMMETER 



29. Draw the syabol for each of the consonants below. 



a. Battery 



b. LSap 




e. Cell 



d. Fuse 



e. Generator 



f. Motor 



g. Resistor 



h. Disconnect 



i. Sparfc jalug 





11.16 

lsn 2; p. 54 



128 



4 



r 



d. 



.. <5> 



h. 

t. -Hi 



30* JLftbtl «ach*»y»bol ahovn bclov. 



11. 16 



A. 



C. 



G, 




B. 



tt 



R. 



nnnnn 



+ 



V 



k. RECTIFIER 

B. HLOK-CORE 
TRANSFORMS 4 

C. PCSH-PULL 
CIRCUIT 
BREAKER 

D. OQMBTER 

E« SINGLE* POLEt 
* SINGLE- THROW 
SWITCH 

P # AMBTER 

C. RELAX. 

H. CONNECTION 

I« GROOM) 



A. CAPACITOR 

B. RHEOSTAT 

jp. SPARK 
IGNITER- 

D. CONNECTOR ~ 

I* AIR-CORE 
TRANSFORMER 

F # SINGLE- POLE, 
DOOBtE-THRCW 
SWITCH 

G., VOLTMETER 

I. MO^ 

CONNECTION 
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31. Label each ayaftol- ihown balow. 



A. 




C. 



uuuuu 

(TOD 



B. 



B. 



-A 






-B 






-c 




— 



7. 



H. 



v 



V 1 
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FUNDAMENTALS OF ELECTRICITY 
f LESSON 2, P^RT B 
ELECTRICAL STOOLS 
SELF-TEST * 

1. Match the nam. of each component with its respective syabol by 
piecing the timber before the component in the box beside* its , 
respective symbol ♦ 



A - — .□ 


" + ".□ 


C - rH-V □ 




H'M'I'- □ 


o 




: '<Z>" □ 




J i. -0: □, 


* <z> □ 




O . 


• -0- • □ 


o. ^w. D 




Q. UUUUU- |— , 

nnnnn >— > 


nnnnn LJ 


*• ne □ 






v: '-w □ 




*• 






< • 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
U. 
12. 



Ground 



Connection 
Mo connection 
Ceil 
Battery 
Fuse 

Generator % 
Motor f 
Resistor 
Rheostat 
•Voltmeter 




. 15. Disconnect * 

16. Single- pole , single- throw twitch 

17. Single-pole , double- throw switch 
~ 18. Push-pull circuit breaker * 

19. Capacitor 

20. Air-core transform? v 
21 • Iron-core ^transformer 

22. Relay.. 

23. Rectifier 

24. Spark ignitor 
25; Spark plug 

26. Connector {cannon plug) 



M. 16 ■ 
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•* •- * 



■'A 



r 

>1 



2. Which stataasnt describes* ajtchttetic' diagraa? 



a. Parts art illustrated with pictures and are arranged 
bj'their physical location. 

b. G Parts ara illustrated with pictures and ar« arranged 
> ,ia tha ordar la which they receive electrical* power . 

c. \Jaxrts are repreeented by symbols and ara arratigad la 

tha ordar la wh^ph they receive .electrical power. 



/■ 



11.16 
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' «*. . LESSON 2, PART B " 

ELECTRICAL SYMBOLS-SELF TEST ANSWERS 







1. A 


3 






B 


4 


} 




C 


23 






D 


1 V. 






E 


6 






F 


16 






G 


17 






H ' 


12 




* * 


I 





J 


9 


, . s 


15 


K 


13 


T 


26' 


L, 


7 


tr 


24 


M' 


8 


* v 


18 ' 


N 


14 


* w 


10, 


O 


,11 


X 


22 


P 


25 


y 


5 


R . 


21 ,. ■ 
20 


z 


2 < 




t 



I. 



ill*-' 



r 



END OF LESSON 2, GO-ON TO LESSON 3 



• : A • 




At 



k':* 

i 




.'^•UNITED STATES MARINE CORPS 
MARINE CORPS INSTITUTE. MARINE*BARRACKS 
BOX 1775 ^ 
WASHINGTON. O.C- 20013 
~) 

FUNDAMENTALS OF ELECTRICITY 

LESSON- 3 
• i SERIES CIRCUITS 
. ' AND 0 , 
PARALLEL CIRCUITS 
INSTRUCTIONS 



11.16a I - • 



This la t programed lesson. It is designed to teach, 
not to teg*. Tou will need dnly this booklet, s pencil, 
end soae time to^complcti thii^lesson. If there is 
something -in the program you do not understand/ ssk 
your instructor or supervisor for assistance. 



REMEMBER 



This lesson has been written 
so that the amount of reading 
necessary is minimal and yet 
most meaningful. Therefore, 
it is Very important that you 
follow these Instructions. 



Read each page carefully « 
.Fill -in each blank. 
Keep the answer to the 
frame' on which you are - 
working covered with a 
slip of paper until you 
have written your answer . 
Correct; all errors you 
make, * 
Follow ali directions' 
given in the program. 



SUGGESTED READING TIME 
180 MINUTES 



v- 



lsn.,3;;;p. % 
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LESSON 3 
PART A 
SERIES CIRCUITS 
OBJECTIVES 



1. 



2. 



3. 



Fromyt list of statements pertaining to electrical* circuits, 
pelect the staten^nt that correctly describes *n electrical 
circuit. 

From a list of statements pertaining to electrical circuits, 
select the statements that correctly describe a series 
circuit* ^ 

• Solve serieW* circuit problems for the following: 



4. 



5. 



6: 



a. Current m , 

b. Voltage drop across an iVidividual component 
c« Resistance of ah individual component' 
d; Totals resistance 

e. -Total voltage 

Front a list of statements pertaining ho source voltage, select 
the statements that are correct concerning source voltage in 
a series circuit . 

Given a list of statements concerning the ohnmeter, ammeter, 
and voltmeter, match each statement with the, meter *to which 
it applies. * v *f • , 

From a list of statements pertaining to circuits, select the ( 
statements that apply to a short circuit. * 



I- 



1; From a list of statements pertaining to circuits, *elect the 
statements that apply to an open circuit. - 



1 




1. Ther^infe three configurations (types) of circuits 
used^in electrical work;- If you were building, a 
. complex electrical device^ how 1 many different types 
of electrical -cirduits could you possibly use^ 



-L 



THREE 



2. Out of the three types of circuits la the itrlta 
circuit. Xn electrical work, one type of circuit 
you can use la the °_ circuit/ 



SERIES 



3. Electric current aust have a miqi of getting fro« 
Ite source to the point where. It is to be used end 
beck eg* in* This Is accomplished with i circuit, 
A circuit provides e continuous electrical pathway 

- for 



CURRENT 



4. The illustration, below 
it.haa a continuous 
fro* the 
w to the 



source 



source 



represents a* Circuit because 
pathway for current to /low 
9 through the light bulb, and back 




between point* A end B Is disconnected, 



If the vlre 

will the light continue to burn? 



U . 1 6 
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6- 



*1 



NO 



SERIES 



F 1 



4* Circle the letter under the illustration that 
correctly represent* an electrical circuit* 





^> 




6. 



A series circuit has only one continuous pathway 
through which current may flow* • Other types of 
circuits have more than one pathway* A circuit 
that has 'only one path, for current is known as a 
• , i " circuit* 



a 7. A series circuit i* a cifc^it having only one 
pathway for current* 



fcV . 
§§^|j dsn, 3; rp. : 4 



B 



Circle the letter below the illustration cant 
represents a series circuit*. 
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-y 



till*- • 



c. 



THE SAME 
(CONSTANT) 




8. Select the correct answer. 

A series circuit has 

«t least two paths for current. 

b. any number of continuous electrical 
pathways for current. 



■c. only one path for Current.. 



9. In a. series circuit, there is only one path for 
current; therefore, current is the sane ajiy place 
in the circuit. Current at any point, in a series 
circuit will be ' « 



10* Current in s series circuit is constant throughout. 
Current is the movement of electrons. 



10,000 ELECTRONS 
ENTER HERE 




+ 



If it were possible Co count the electrons in a 
series circuit, the same number of Electrons would 
be flowing across any point in the circuit. 

Bow meny electrons would leave the positive side of 
the circuit Illustrated above? 

» 

*♦ # id, doo. 

b. Less than 10,'00Q« 
c More than 10,000* 
d. None* 




m Rir 



13 a 



/3/- 



a. 



11. 
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Th« law of current states thet the current in 
any pert* of a series circuit is equal to the 
current in any other part of She sane circuit 
(I t « I, ' • I2 • I3 .... >• 

NOTE: GO TO PAGE 39? UNTOLD THE POLDOUT SHEET, 
READ , ' AND KEEP OPEN FOR REFERENCE. 



A/W 1 . 



R 



What will the current be across R^ and R2 in the 
circuit above? 



*1 8 
R 2 : 



\ 
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5'. 



It; 



te - 
fee * 



* 2 : 5 AMPS 



•4 

4- 



12 # Select the correct uirar, 
An electrical circuit Is a 



ft* continuous electrical pathway for voltage 
flow. 

b. alnlnua of two pathways for currant* 

c. continuous electrical pathway for current. 



\ 



13* Select the two correct answers* 
A series circuit has 
a. only one pathway for current* 
. o« sort than one pathway for current, 

V 

c. current that will vary throughout the 
circuit. 

d. constant current throughout the circuit. 



14. 



In a series circuit, there Is only one path for 
current, and the current Is constant. The current 
will flow from the negative side of the t power',*, 
source, through the circuit, and back to the 
positive side of the power source. The amount of. 
current is Measured with an anaeter. An eeneter 
Indicates aaperes. 



A 

B 

6k 



■ / 



a. Draw* arrows In the Illustration above to 
Indicate the direction of "current. »' 

b. Hhat type of aeter I*; represented bj Items A 
and B In the'' illustration above? 

. : t 



11; 16 
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v -- "*■$ 




X 



Current can be aeeiured by an. ammeter, or It cnn be 
determined mathematically by using Ohm 1 3 law. The 
formula for OhVe lav is illustrated in the mgic 
circle. 

' £ 




The letters in the magic circle represent specific 
factors; S - voltage, I • current, and R - resis- 
tance* To use the magic circle, simply cover the 
unknown factor with your finger and you can aee 
what you need to do to find the unknown. Example: 
To find current, cover the I, » * nd you 

can see that you divide B by R. J^Sfo J 
One way of determining current ^cL^ 
in a series circuit is by using the total values. 
The totel voltage (source voltage) divided by the 
total resistance will give you current. Complete^ 
the steps below and determine the current . 



Step 1 




Step 2 



4rv 



24V 



►4n 



4n- 



. ***** 




Step 3. 



24 + 12 - .1 

I ■ amps* 



1.16 
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Current in a series cttcuit can ,be .found when total 
values are not. known. When the amount of voltage 
drop across an individual component is known and the 
resistance of that component is known, we can divide 
the voltage drop by the resistance and find the 
current. Remember, this value will be for the 
entire circuit, because current is .constant. 
In the illustration below, you. will notice there are 
no. total values given; however, the voltage drop 
across R2 and the resistance of R£ are given. 
Using these values, we can find "current. 

Complete the steps below. 



Step 1 




Step 2 



-VVSA/- 

Ri 



■WW- 




Step 3 





^^3li5^\^^ ' < ' iff 



v 




-.1 

_?1 



3 AMPS. 



a. 3 

b. 6 

c. 2 

d. 4 



11.16 . • 
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17. Find the current in the series circuits below. 



a. 



-WW — 



,4n 

J36V 4A 

—WW 



b. 



6n 



4n 

-VAV- 



I' 



snips 



c. 



— WV- 

* 6A 



"24V 



6H 
-ww- 



d. 



■ atnps 



I48V 



-VAV^ 



$tnp8 



amps " ^ 



18e Ton previously found current by dividing the voltage 
drop across a component bjrthe resistance of that 
component, Now t let's see how this Voltage drop is 
found* To find the voltage / d^op across an individ- 
ual component, multiply the resistance of 'that com- 
ponent by the current* through it* 

Follow the steps In the illustration below and find 
E2 (voltage drop across resistance nuaber two). 



Step 1 



Step 2 




[ 2A) 



R 2 



3 n „_--: 




Step 3 



2x3 



E 2 



volts|K 
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■ft.- 



#t<.- - 

Br®?*** * * 

• 



STEP 2 




19. Us in* the information in the 

illustration below, coaplete the . 
steps and find (the voltage 
drop across resistance nuaber one). 



Step 1 



Step 2 



■VW 



•f. 




''Step 3' 



20. Solve for voltage drops E x end E 2 < 



3a 



. 5ft 



volts 
volts 



> : l;l.*6f« : ' 



volts 



Volts/ 



#£^§s^>s^'", : ;.:'j* •• ..... .■ : 



\ 



E t -.12 VOLTS 
E 2 - *20 VOLTS 



y 



vvC ;> :i * 

S* V 

jERJC 



R. - 3 OHMS 

if 



21. Now""that> you know how to fiftd a voltage, tfrop across 
a component, let's use fhis voltage drop to find the 
. ~"rfesistfince of a component. To find this resistarce, 
divide the voltage drop across * the component by the 
current through it,' 



Follow the steps .in the illustration below,, and 

Step 1 



Jfind the resistance of R^, 



I 



/ R 2 



Step 2 



Step 3 : 




22. ' Complete the steps and find the resistance of R^. 



0 



Step, 1 



Step 2 



. 4 



4A> 

C 




.Step 3 



\ 



R/ « ohms , 

i 
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mp : * 

Ify 

If' i 

M,:. ■ : 



23. Solve for the resistance of R, # 




1 




R 2 



R l - 



Solve for the. resistance of R„. 



18/ v 




7S ; 



ohms 



11. 16; 

lsn 3; g.13 




V 



/ .2 




\ 



\ • 



*• -per'- 



fa" 



r 



s 



a. 3 AMPS. 

b. 12 VOLTS 

c. 2 OHMS 



25. After dcttralnlng th« rulitanet of the Individual 
components , It it a slaple task to find \he total 
resistance of a series circuit. The lav\f 
* resistance, states: The total resistance of a 
series circuit' is equal trf the 4u4 of. the ' 
Individual resistances of the circuit 
(R t -'Rj + R 2 + R 3 J.. 

^ Complete the followint exaaple. 



5.TL 



R t • 30 OHMS 



*3- 



ion 



Jr R 2 



5 ohms 
10 ohms 



■ 15 ohms 
^ i 
' R t * — — ohms I 



26. Total resistance (R t ) <>f a series circuit is fyund 
b 7 the individual resistances. 

Find the total resistance (R t ) of the following 
circuits . 

r .. 

a. 




R t " j ohms 



2 A 



-f- 



•-5A 



R 3 

4n 



8* 



ohms 



11.16 
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ADDING X 

a. 12 OH^ 

b. 14 OHMS 

1 



R t • 3 OHMS 



27. Previously, you added^ individual resistances to find 
the total resistance of * series circuit; however, 
this is not the only way it can be found. When 
total voltage and current are kjiown, we can divide 
total vtfltage (E t >rJ>y current to dtffermine total 
resistance (R*.)« Complete the following example. 



Step 1 
Step. 2 



-5 12V 



I <WW- 



Step 3 




28. Complete the steps and find the total resistance 
<*t>- 



Step 1 




Step 2, T T 

1 - - \ >^ 



* 1 



'-J24V 



6A 



4 t 



"1* 



Step 3,' 
4 ' 



SRs *• 11 16 

y v; *'0 ish3;,p. 16 

M LlXlL ^ * " y. V, • *, 





tr- 
ip 



IS.- 

IS' ■ 

ft.:-. 

%"<< -• 




R t * 12 OHMS t 



29, Solve for the total resistance (R ). - 

V 



-WW 




1 



ohms 



30. Solve for the unknown. 




ohms 




4n 



R t " 



t • 

ohms 



/ 



e. 



724V 



4 



R t - 



ohms 



p. *7 




MS 




By now, you should have a good understanding of how 
to fiftd resistance in a series circuit. . A little 
review of current is in order at this poin^. 
Remember ^ current can be found by dividing total - 
voltage by total resistance. 



Itt the magic circle, it looks like this: 
Solve* for current in the circuit below. 



in 




!24V 



2cf 



*3 
-WW- 

3A 



I - 



amps. 



1-4 AMPS* 



9 1 



: 32* In order to work with series circuits, you must 
know how to determine total voltage. You can 
determine total voltage (E t ) by multiplying current 
by total resistance (R t ). 



Complete the example below. 



4 



Step 1 





• Step 2 




Step 3 



4x6 



E- 



c 

^volts , 



11.16 
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0- 



ft*** 



Sfc - 24 VOLTS 



STEP 2 — 




E t *- 24 VOLTS 



33:iyg«ing eh* intonation in the illustration below, 
complete the steps and determine the total voltage 



(B t >. 



Step^l 
Step 2 




in. 

■VAV- 



■4*1' 



- *3 
-WW* 



3n 

\ 




4n _ 

Step 3 x 



_ 1 

~-~ B t 

volts 



34. Solve for total voltage (B t ).. 



2n 




3A 



volts 



ii. i6 y 

Isn 3; p. 19 
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v 3 



B t - 48 yOLTS 



B t - 24 VOLTS 



35. 



Previously, you' round the voltage cfejpr of an 
individual component by multiplying the resistance 
of the component by the current through it. 
The lav of voltage^atates: The total voltage of a 
ieries circuit is equal to the sum of the individual 
voltage drops of the circuit (E t • E^ + E2 + E3 ♦ . ♦ ♦ ). 

This total voltage is equal to the source voltage. 

Complete the example below. 



1 



3a 

R, 



4- 



W 3a 



— @r _ 



2n 



y 3 



9V 
6V 
9V 



volts 



36. Find each, individual voltage drop and the total 
voltage in the circuit below. 




_volts 
jrolta 
volts 



volts 



iERIC 
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1/ 



I" 

J** - 



• 18 VOLTS 
E2 - 12 VOLTS 
E 3 • 6 VOLTS 
E t - 36 VOLTS 



37. In a series circuit, the sum of the individual 
voltage drops is total voltagfc (E t ). The total 
voltage (E t ) is equal* to the source voltage. It 
should be understood that the source ^oltage and 
the total voltage in a series circuitrhave the 
same value. Source Voltage is the voltage of the 
batter^ or othe*jfource potential; total voltage is 
the sum of the voltage (Irops Hn the circuit and 
equals the value of the source. 

» Complete the example below. 
(l6\ 




El " 



^|ource 
voltage 



volts 

volts 
volts 



volts 



E t - 16 VOLTS 

E 2 - 8 VOLTS 

E t - 24 VOLTS 

SOURCE VOLTAGE 
- 24 VOLTS 



38. Solve for unknowns in the. circuits below. 



2 A 
-WWS- 



R 2 




(3A 



in 



volts 



3n 



b. 



-VWSA 



3 



volts 



^©4 



1U16 
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*. 18 VOLTS 
b. 28 VOLTS 



EXPENDED , 
(USED UP) 



i 



39. Jhe values of source voltage and total voltage are 
equal.. The value of source voltage will diminish 
as^you progress through a series circuit. 

Each component will cause a- certain amount of 
source voltage to be* used because there is 
resistance to* current within it. This is voltage 
«drop. Source voltage will be expended by moving 
the current through the circuit. 

C ' 

In moving current through a series circuit, the 
. source voltage will be completely - * , 



*40. 



.Source voltage will be totally expended while 
moving current through a series circuit, but only 
a portion pf the source voltage will be expended 
moving current through each component, as shown in 
the illustration below. 




a. What is the total amount of voltage expended by 
~~ moving current through and above? 



volts 



b.~~What is the source voltage .of the circuit 
above? 
. . volts\ *w 

\ 
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As you now know, there la a certain amount of sourea 
voltage expended or uaad at aaeh eonpoaant in tha 
circuit. Tha aaount of aourca voltaga expanded at 
aach ccemonent is known aa tha voltage drop across 
that individual component. The voltage expended 
at a component la known aa . , 



Voltage drop, reslstancs of a component, and current 
through a component can all be uaad in the formula 
for 'Ohm' a law* You can find the voltage drop of a 
component by multiplying its resistance by the 
current through it. Find the voltage drop (E.) in 
the circuit below. ,l 




4/1 




volts 



43. To find th£..reaistance of a component, divide its 
voltage drop by the current through it. Find the 
reeietance of R x in the circuit below. 



I ' 





ohms 



mi- 



ll. 16 

lsn 3; p. 23 



44* Label the •tetenente^belov true or false ♦ 



a« Air of*' the source voltage will be 

^expended by tsovlng current-through 
/ ^ circuit* 1 v 

b; All of the source voltage will be 
-expended across each resistance in 
a circuit having three reeiatancS'r*^ 

c; Total voltage is equal to the source 
voltage* 

Jf* Source voltage and total yoltage are/ 
not equal* . A 

Only a portion of source voltage will 
be expended by moving' current through 
the circuit* _ 

. ■ *\ * 
f • Voltage drop .is the amount of ^voltage 
expended t>y moving current through a 
resistance* ' 



x 
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NOTE: THE CORRECT ANSWERS FOR THE REMAINDER OP THIS PROGRAM ARE 
* FOUND ON PAGE 33/ 



45. If you vprk arQund electrical circuits, you will be using various 
meters. Yot* need to know how to connect these meters in a circuit 
and know whit each meter measures after it is connected. A volt-* 
meter is connected parallel with a Circuit. A voltmeter is used 
to measure the potential difference between two points. This 
potential difference is the voltage drop across a resistance. 

6V 



lit 




-® — ® p© & 




VOLTS 



J 



Using the information and the illustration above, answer these 
questions. 



a. The potential difference (voltage drop) is measured in 
*b. A voltmeter is. connected with a circuit. 



c. If 6 volts are available at point A, how many volts would be 
available at point B? 

d. A voltmeter measures the p d between two 
points. 



46. -An ammeter is connected in series ift a circuit and measures the 
current in the circuit. All current in a series circuit must go 
through . the afimeter. — *' - • 



AMPS 



a. Current is meawttred in 

b. An ammeter is connected in 

c. An ammeter measures the , 



in a circuit. 



in a circuit. 



11. 16 • 
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An ohraneter is e meter used to measure the resistance between any 
two points. The ohnmeter has its own power source and is. connected 
in series with the component to be measured. Since the ghttmeter has 
its own power source, the circuit* power must be off while testing 
a ^circuit with an ohnmeter. Failure to turn off circuit power 
could result in damage to the ohnmeter. h 



, Iqh ms I t 



B 



Ohnmeter in series with the 
component to he checked. Current 
flows from the ohrameter through 
the part of the circuit to be 
checked and back to the 
ohnmeter. The ohnmeter is 
measuring the resistance 
between paint A and point B. 



Using the information above, answer these questions. 



a. 
b. 

c. 
d. 



An ohraneter measures the 
An ohraneter is connected in 
measured. 

An ohnmeter has its own 



between two points* 

with the circuit to be 



source « 



What must be off when testing a circuit with an 
ohnmeter? ^ 



48. 




a. The voltmeter above is indicating the potential difference 
between what two points? 

b. The voltmeter above shows a voltage drop of 1 volt across 
the number t bulb. • 

c. How is a voltmeter connected with a circuit? 



li. 

"Tsn 



16 

3; p. 26 
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iff, ' 



ffk. ■ 

P. * 

5? 4, *- *" " 



IP* 

Si-* 
*5s. 



^49.' 



Wtr 



a.. In the Illustration above, current la being measured with an 



bi The current In the circuit 'Above 11' 



c. An 



iter la connected In 



taps. 



In e Circuit. ♦ 



50. 



F E 

-AW- 




fte The ohsmter above it measuring the resistance between whet 
two points? ; 

h. * Whet oust be done"with circuit power when' testing e circuit 
with en ohaeeter? 



Ce An ohoMter has its own 
d. An ohneter ie connected in 
\ be neasured* 

e« What two asters arjt connected in series? 



source. 

with the circuit to 



11,16 
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51. Match each metar in colfonn A with the statement(s) in column 3, 
Place the letter beside the meter in the blank beside the 
appropriate. statement. A statement may apply to more than 
one meter. 



r 



a. Ammeter 

b. Ohametar 

c. Voltmeter 



B 



_ 1. Measures potential difference 

between two points, 
_ 2. Connected in paraileL. 
_ 3. .Connected in series, 
~ 4. Circuit power oust be off when 

using, 

_ 5, Has its? own power source, 
_ 6, Measures resistance between two 
4 points* 
7. Measures current. 



44.16 

lsn 3; p, 28 



161 



52. 



A circuit condition frequently encountered around electrical 
equipment is a short .circuit. A short circuit occurs when 
current tekea a path abort of its intended circuit. 
Illustrated below are two examples of a short circuit^^ 





Improper wiring. 



Bare wires touching. 



Ohm's law states that when resistance decrtases, current Increases. 
In a short circuit, the burrent takes the path 'of least resistance; 
therefore, a short circuit will result in. greater than normal 
current. Fuses and circuit breakers are examples of safety devices 
to protect against short circuits. 

Using the previous Information, answer the following. 

a. Which of the circuits below Indicates current taking a path 
of least resistance because of* short circuits? 

(i/) .... 
f^vw @: ~T] 




IT 



+ 

.1 



<2) ~~ 



— .^SHORTS 




Which of th. following circuits illustrates th. current taking 
a path short of its intended circuit? 



(X) 



(2) 



aL 



\ 




♦ II 



C Which of the following circuits will have the greater amount 
of current? 

(1) (2) 
-® ©. 



r fn 

12V 

+ ■ 

I 



irt 



i i 

I2V 

t_ 



in 
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J\ 53 t Complete the following. 



id 



a. In a short circuit, the current will take the path of 
" least « T 

b; In a short-circuit, the /current will take a path short of 
W its * circuit. 

than 



c. tn a short circuit, the current will be 
normal . 



54, ^elect 



the statements that apply to a short circuit. 



a. Current will take a path short of ltfe intended circuit. 

b. "- ^It—iT a form of an, open circuit. v 
t jrt It results in greater thanjiormal current. 

d. Current will take the path of greatest resistance. 



55. 



A grounded circuit is a circuit that uses something other than a 
wire as. part of the circuit. We can form a grounded circuit by • 
using the fuselage of an aircraft as one^part or one path of the 
circuit. One side of the power source would be connected to the 
fuselage, while the other side would be connected to the equipment 
to be operated. -The equipment would also "be connected to the 
fuselage. ^ The current path will be from the power: source via a 
wire conductor to the equipment and back to the source via the 
metal frameyork (ground). The metal, framework acts as a 
conductor. 



f 




In the illustration above, the path formed by ground is from 
points | 

> a 

a. A to B. 

b. B to C. 

c. C to A. 



11.16" 



I"' • 



V 



•9 * 



56* Tht lot circuit condition is the open circuit* An open circuit 
Is sn opening or break in en electrics! circuit ♦ 



(i) 



(2) 



SWITCH OPEN 

.CREATE S*0PEN. A 
CIRCUIT ^ 



I SWITCH CLjOS^D " 

CIRCUIT 
*" COMPLETE W 



a. Which of the lllustrstlons above shows sn operf circuit? ' 
The open circuit osn be intentional, such si. fia the cfte of 
the light switch sbove, or It csn be unintentional; A-htfc&en 
wire in a circuit 1$ sn unintentional open^circuft* ss^onj^es 
the broken end does not touch soother conductor* An opeOiL 
a series circuit will effect the entire circuit, since there 1 . 
is only one psth for current* _ 



r 



(i) 



(2) 



+ 
J 



b; Which circuit above contains an open circuit? 



57* Using the previous Information, complete the following* 



\ 



An opening or bresk In sn electrical circuit is an example 

of an circuit* 

.. > 

An open circuit created by opening a switch is sn example of 
whet type of open circuit? 

An open circuit created by a broken wire is sn example of 
what type of open circuit? ' A 



d* An open In a series circuit will affect the 



circuit. 



What cfrcuit arrangement is involved when an' open circuit 
affects all the branches? 



' 11.16 
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5* 



58. Which of the following illustrated an open circuit? 



-o—- o- 



+ 



-o — o £- 



+ 



77 



+ 



* D 



59. Select the statements that apply to an open circuit. 



b. 

d. 
e. 



Ir will affect th« entire series circuit* 

It will' 1 affect ^11 the branches in a series circuit. 
It will not affect the entire series circuit. 
Current will take a* path short of its intended circuits 
It is a form of short circuit. 



a i.i6 ; 

*lsn'3;j>. 32 
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ANSWER SAGE 



FRAME NUMBER 



45. .a. VOLTS . s 

b. PARALLEL 

c 4 VOLTS 

d. POTENTIAL DIFFERENCE 



52. 



a. (2) 

b. (2) 
c (2) 



46.' a. AMPS 

b. SERIES 

c. CURRENT 



53. a. RESISTANCE 
b. INTENDED 
e. GREATER 



47* a. RESISTANCE 

b. SERIES 

•*** c. ' POWER 

d. CIRCUIT POWER 



54; 



55. 



a. 

c. 



48. a. . POINTS B AND C 

b. 2 

c. PARALLEL 



56. 



(1) 
b - (1) 



49. a. AMMETER 
b. . 2 

'c, SERIES ' 



57, 



50. 



a. 

Tf7 
c. 
d. 
e. 



POINTS C AND D. 



51. 



TURN IT OFF. 
L POWER 
SERIES 

AMMETER AND ORMHETER 

O ■ - 



c. 
c. 
a.-b" 



•a. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



58. 



59. 



a. OPEN. 

b. INTENTIONAL 
c UNINTENTIONAL 
d. ENTIRE 

«• SERIES CIRCUIT 

B 

C 



a. 

b. 
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FUNDAMfeNTALS OF ELECTRICITY 
*~ LESSON 3 

P ART A 
SERIES CIRCUITS 
SELF-TEST 



I. Ah electrical circuit is a N 

*• pathway . formed by a conductor between two resistances. 

b. coaplete electrical pathway for current, 

c. continuous electrical pathway for voltage. 
.2. A series circuit has (select two) 

a, two or more paths for current • 

b, constant voltage throughout the circuit, 

c, only ^e pathway for current, 

d, constant current throughout the circuit, 

* • 

e, constant resistance throughout the circuit, 

f, . current that will vary throughout the circuit, 

~37~'irdTveHfc^ "~ ■ 



li. 16 , 



\ 




167 



r 



10 a 
-ww— 

: Ri . 



R 3 



R2 



.7n 



8A ') 




2A 



Total resistance 



ohna 



Current »• 



anpa. 



d. 



*********** 




Current 



amps. 



/ 



e. 



2n 




3n 



Voltage drop \ 

across R2 • \ volts 



11.16 ■ 
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'f|/^rrii.-ji)^-** i: 



4. 



5. 



Which statemnts below are correct concerning source voltage 
In a series circuit? 

All the source voltage will be expended moving current 
through a circuit. 

: *h. Only a portion of, source voltage will be expended nwving 
current through the circuit. 

c. Jotal voltage is equal to the source voltage. 

Id* Source voltage and total voltage are not equal. 

«♦ All the source voltage will be expended across each 
resistance in a circuit' havin^three resistances. 

Hatch each meter in column A with the stateaent(s) in column B. 
Place the letter found beside each meter in the blank beside the 
appropriate statement. A statement may apply to more than one 
meter. 



Amneter 
b. Ohmmeter 
c Voltmeter 




1. Measures potential difference] 
between two points. 

2. Connected in para 

3. Connected in serie^* 

/ p 

4. Circuit power must be off 
when using. 

5. Has its own power source* 

6. Measures resistance between 
two points. 

7. Measures current. 



* 



11. 16 
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6. Which statements apply to a short circuit? 

a. . Current will take a path short of its intended circuit. 

b. It is a form of an* open circuit. 

c. It will result in greater than normal current. 

« 

^ d. Current will. take the path oif greatest resistance. 

7. Which statements apply to an open circuit? ^ 

a. It will affect the entire series circuit. 

b. Current will take a path short of its intended circuit. 

c. It is a form of short circuit. 



11. 16 
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To be ibl» to t«*Uc «boot clrculti or solve problems dealing with 
circuits, veffcave to be able to identify the verioue components 
and their functions in the circuits. This will 'be done by using 
capital letters and subscripts. The subscripts will consist of 
numbers or lower-case. letters.' 

The capital letters will be B (voltage), I (current), and 
R (resistance). • 

Any time you see one of the designations, say the full meaning oi 
it to yourself. Example: If you see the designation B lf say to 
yourself, voltage drop across resistance number one. This will 
get you used to the designations, and you will learn them a lot 
faster. Study the examples below. 



E t - TotaJL voltage of a circuit. 
I t ■ Total current in-a circuit. 
R t - Total'resistance in a circuit. 
"Ej^ - Voltage drop across resistance 




E2 " Voltage drop across resistance 



lumber two. 



R\ " Resistance of component number 
R 2. " tance of component, number 



x l " Current through resistance, number one. 



I 2 ■ Current through resistance number two. 



If more than two resistances are in a circuit, the subscript numbers 
or letters will be in numerical or alphabetical order. 
Examples below. 



R l 9 &2 » R 3 * *4 » etc « 



' B a t B b f E c f Ejj 9 etc. 



if£ r LESSON 3, PART A 



: "jub § ERIES CIRCUITS - SELF TEST ANSWERS 



r v . c.d 



3. 



n V 12- . ' 

a: R^, = -j = ~7 ~ 3 ohms 

b. R T = R 1 + R 2 + R 3 = 10 + 7 + 8 = 25 ohms 
ci. Step L. R T = R 1 +. R 2 + R 3t = 2 + 2 + 2 = 6 ohms * *A 
Step 2. I = V_ = 12_ = 2 amps 

<4 ' 



Rrp 6 



d. I = V_ = L2_ = 2 amps 
ft ' 6 

Note ; Current is the^same throughout a series circuit. 

e. V 2 t IR„ = (8)(3) = 24 volts 

f. R ■ V = 45 = 9 ohms 

O „ 

i * * 

■ • g. Y_ = V., + V..+ V, = 20 + 25 T 15 = 60 volts 

M- •. . T 1 2 ■ 3i - 



h. Step L. V V +► V + V: 
** 1 2 3 

g •' Step 2. V, = IR ='(3)(6) = 18 



V 2 = IR = (3)(2> = 6 



■ . V 3 =~IR 3 = (3)(8) = 24 
» 18- + 6 + 24 * 48 volts 



- 4. a, c 

i^y • ' ■ • 

p., ^ U.16. • 

ifc'-.C- * lsn ^ ; p- 41 

MS- • 



B8BE" 



6. a, c 

7. a, c 



/ 



5. 



£V 

£2 
ab 3 

b 4 
>b 5 

b 6 

a 7 





GO RIGHT ON TO LESSON 3, PART B - PARAI I EI CIRCUITS 
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1 



4, 



^fundamentals of electricity 

LESSON 3 
PART B 
PARALLEL CIRCUITS 
OBJECTIVES 

1. From a ll«t of statements pertaining to circuits} 
select the statements which apply to parallel 
circuits* 

2. Sblve problems in parallel circuits for the 
following: \ 

e# Total resistance % \ s 

b* Resistance of an individual branch 
c# Total current . 
d# Current flow of an individual branch 
Total voltage 

3* Given a list of numbers, determine the reciprocal 
of each* 



/*7 



j 



4 
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PARALLEL 



SOURCE 



1. Residences side by side end with, their ends 

hWW — i 9 
connected -1 L ere parallel-connected. 

If the resistances In e circuit ere eg connected, 



the circuit it known es e 



circuit* 



2. The resistances in e parallel circuit are connected 
parallel to each other. Each of these resistances 
will be a branch. If aJUtflve-volt battery, waa the 
source voltage of a parallel circuit, the voltage 
in each branch of that parallel circuit would also 
equal twelve volts. The voltage of each branch of 



a parallel circuit equals the 



voltage. 



3. The voltage in each branch of a parallel circuit 
will equal source voltage. 




What is the source voltage in the circuit above? 
_ volts 



♦ lie 16 

Isn 3; p # 

LIKJC ..' 
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pd 



A. '. 24 VOLTS 

B. Ik VOLTS . 



*. NfcJfOLTS 
b. 6 VOLTS 



SOURCE VOLTAGE 
OR 

TOTAL VOLTAGE 
OR 

BRANCH VOLTAGE 

(THEY ARE ALL, 
EQUAL.) 



7. 




a. What Is the voltage In branch A? 

b. What Is the source voltage? 

* 

-Ju^ : 



s 



Nov that you know that all the branch voltages and, 
the sotfcrce voltage are equal ip a parallel circuit, 
you will .find that solving for total (source) 
ypltage is relatively eaay. You can determine total 
voltage. (source voltage) in a parallel circuit by - 
applying Ohm's lav. If you •multiply^ the current 
of a branch by the Assistance of that branch, you 
will. determine the « 



Total voltage in a parallel cfarcuit*a|n be deters >4 
mined by multiplying the current of a branch by the 
resistance of the same branch* Complete the example 
below/ 




Step 3- 



E t ■ volts 



11.16 
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120 VOLTS 



*. FIGURE 1 
t>. TWO OR MORE 
c. BRANCH B 



12. At you probably have noticed in this program, the 
difference between a parallel circuit and a series 

* m circuit it that a parallel circuit hat tvo or more 
paths' for current. Knowing this, you can now 
understand why an open in a parallel circuit only 
affects the branch or branches in which the open 
occurs • 



IT 



'+ 



if 



Plgure 1 



Flgure 2 



a. 



Which of the illustrations above shows a 
parallel circuit? . 

A parallel circuit has w or . 

paths for current. 

Which branch of the parallel circuit above 
contains * an open? : 



13. What effect will the open in branch B have on the 
light bulb ||n v branch A? 




a. The bulb will 
burn brighter. 

b. -The tjfrlb will 
get dinner. 

c. Ho effect.' 



11.16 
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BRANCH OR 
BRANCHES 




r 



14. The reason the open has no effect on the bulb In • 
branch A Is that en open In e 'parallel circuit 
affects only the or - 

In which the open* occurs. . 



15. Draw arrows to Indicate the path of current flow 
in the parallel circuits below. 





16. Since a parallel circuit has two or more paths for 
current flow, the amount of current In each branch 
may be different, Tg fini the total current ,(I t ) 
in a parallel circuit, add the current of each 
-^branch. 
^TotalN . /Current^ 
^Current; Vtfl vldea> 5^ 



"PARAltEl CIRCUIT 
- LAW FOR TOTAL 
CURRENT- r 




a. ^To ftnd total current (I^ in a parallel 

circuit, the current of all the^branchea* 
* should be . . ' S 

r 1 ■ v ^ // ; ■ * 

b. t Find tfce total current (O In* the circuit, s 
above. I - * 4 c - — * 



amps. 



1U16 . 
lin 3; p. J9 



a. ADDED • 
. l t • 1^ AMPS. 



17. If current in each individual branch if known, 
total current (I t ) in a parallel circuit can be 
determined by _____ amm _ the current of 



> the individual branches . 



ADDING 



I t » 15 'AMPS, 



11. 16 
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18. What is the total current for the parallel circuit 



belowi I fc - 



aape, 




19. Find the total current in the circuits ' below. 



a. 




anpe 



It ' 



amps. 



\ . 




h - 



amps. 



1 32 



I*. *I t « 14 AMPS. 
|b. I t « 16 AMPS, 
c. I t - 25 AMPS. 



20. 



There may be tines when breach current is unknown 
in e perellel circuit. Determining brench current 
is e staple application of (Hun's lew. If you 
divide the applied voltage by the resistance of. a 
branch, you will determine the branch i 



21. In order to find the current of "a branch, divide 
the applied voltage by the resistance of that 
branch. Complete the steps below and determine 
th* current for branch 3 (I 3 ). 



Step 1 




Step 2 — 




.Step 3 — 



- 1-3 
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t. 



STEP 3 

12 ♦ 2 • h 

1 3 - 6 AMPS, 



22. Using the information in the illustration below, 
determine' the current for branch 2 (1 2 )» 



Step 1 



Step 2 ~« 




-24V 

+ 

L 




Step 3 — 



amps. 



STEP 2 



23. Find I 2 in the circuit below. 




STEP 3 
24 ♦ 8 - I 2 

I 2 - 3 AMPS. 



110V 




amps « 



11. 16 . ' 
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184' ■• 



I 2 • 11 AMPS* 



*4. 



You have been solving for current In the preceding 
frames by dividing tht applied voltage by the 
resistance. Look at tht Illustration below and 
study tht relationship between currant and resis- 
tance In each branch. 




6a 



You can readily see that as resistance becomes 
larger, current becomes smaller. As resistance 
decreases, current , 



INCREASES 



25. Current In each branch of a parallel circuit 

depends on the ' In that branch. 



RESISTANCE 



26. Finding the resistance of a branch In a parallel 
circuit Is similar to finding current. When you 
divide the applied voltage hy the current of a 

branch, you determine the N of 

that* branch. - - ~- -' - ~ 



RESISTANCE 



l8fl\3j4»> 53 ; 



27. jtn order to determine .the resistance of- a brlnch 
t -9 in a parallel circuit, divide the applied voltage 
by the current in* that branch. Complete tht steps 
in the example below, %nd determine the resistance 
of branch Rjj. 

Step 1 — 



-12V 
+ 

L 




\St«p 2 

\ - - 





f 12 \ 




4 


y 






" R 3 



R^> 



ohms 



185 




28. Proa the information given below, complete the 
steps end find R 2 » # 





R 2 - 3 OHMS 



29. Using the current, voltage, and resistance lavs 
/ you have learned thus far, determine the values 
for the circuit be low. 



24V 

4- 




R l - 


ohms 




amps. 




ohms 


H " 


volts 


12 - 


amps. 


i* - 


amps* 
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R l - 12 OHMS 
R 3 - 24 OHMS 



I, - 



E, - 



J. - 



4 AMPS. 
3 AMPS . 

24 VOLTS 
10 AMPS. 



c. 



LESS 

(SMALLER) 



'30. 



Before ve start finding. the total resistance of .a 
parallel circuit, her* is spaetMAg to reaeaber. 
The totsl resistance of a parallel circuit will 
always bs, lsss than the smallest branch . ^resistance 
of the circuit. 



24V 



+ 

L 





The total resistance of the circuit above will be 

a« 6 ohm*, 

b, 12 ohms, 

Ce leas than 6 ohms, 

d„ more than 6 oHas, 



31, Resistances In parallel are like water pipes In 
parallel* In each case, when the total else Is 
Increased, then the total resistance to current 
flow Is decreased. Two water pipes of equaJL size 

- placed side by side carry twice as touch water as a 
single pipe of the ease size; and equat resistances 
connected' side by side pass twice as ouch current 
as a single resistance* This greater current flow, 
in a parallel circuit indicates, that total reals* , 

tance is than that of a single 

resistance. 



32, 



: : : 2 f- 

When you figure the resistance values in a parallel 
circuit, you will find that total resistance la 
always smaller than the resistance of the smallest 
branch. 



24V 



+ 



Total resistance ".3 ohms 

6A 



In the illustration above, the total resistance is 
• than thsT smallest branch resistance. 



l£n-3; p, 55 



/ ■ 



IE : Ti ; • -7 



187 



V 



SMALLER 

.(LESS) 



TOTAL 
RESISTANCE 



33. 



Since you now know that total resistance in a 
parallel circuit is less than the resistance of 
the smallest branch/ 'it is easy to see that you 
cannot add individual resistances to find total 
resistance. Finding total resistance is another 
application of Ohm's law. If you were to divide 
total voltage <E t ) by the total amperage (I t )» you 
would determine 



34. 



One way of finding the total resistance (R t ) of a 
parallel- circuit is to divide the total voltage <E t ) 
by the total current (I t ). Complete, the st eps bel ow , 
to determine total resistance (Rt). 



Step 1 






Step 3 — ♦ - R t 



ohms 



/ 



ERIC 
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STEP 3 
24% 8 - R t 
R t • 3 OHMS 



35. Using the information in the illustration below, 
find the total resistance (1^)* of the circuit. 



Step 1 — 



ir 



-24V 
+ 



I2n 




Step 3 — 

Rt ■ 



- R. 



ohas 



STEP 2 
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36. Find the total resistance (IL.) of the circuit 
below. 




27V- 



ohas 



183 



o 



R t • 30HMS 



a. 

d. 



A. 

C. 



11.16 

Isn 3; p. 58 



er|c 



37* Select the statements that are true if branch C of 



the circuit below develops an open* 




a* Total resistance will increase, 

b. Total resistance will decrease. 

c# Total cur rent will increase, 

d. Total current will decrease* 



38. Let's review some things we have learned about 
parallel circuits* Select the statements below 
that are correct concerning parallel circuits. 

a. Voltage is the same across each branch of a 
parallel circuit* 

b. Source voltage -and branch voltage are never 
equal in a parallel circuit* 

c. A parallel circuit has two or more paths for 
9 current. 

d. The total resistance of a parallel circuit is 
thff sum of all the branch resistances* 

e« Total resistance o£ a parallel circuit is 

always less than the resistance of any branch* 



39. 



When the on).y values known in a parallel circuit 
are the branches 1 resistances f total resistance can 
be determined by* the reciprocal method; 




ion 



What method can be used to determine R t in the 
circuit above? 
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RECIPROCAL 



40, In order to find total resistance in * parallel 
circuit by the reciprocal method, you oust first 
understand what is meant by reciprocal • The 
reciprocal of a masher is that number divided into 



one. 



Exeapie: Find the reciprocal of 2. 

£tepj 1 — *• Set .up the problem to 
divide the number into 
I. 

Step 2 Itnrert~the divisor and 

change division sign 
to a multiplication 
sign. 

Step 3 — Multiply. 



1 
7 



the reciprocal of 2 



T + T 



I l 



l 
1 



Find the reciprocal of 4 by dividing It Into I. 



■ the reciprocal of 4 



1 



.41. The easiest way to find the reciprocal of I whole 
number Is to make it i fraction by giving It a 
numerator of one. When you do this, you have the 
reciprocal, without performing a division process. 

Example: Find the reciprocal of 4,, 

Give the whole .1 numerator 

number a numerator 4 denominator 

[ of I. 



I 

z 



the reciprocal A of 4 



***** 



Find the reciprocal for the following numbers: 



a. 6 



b. 8 



10 
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• i 



b. 



8 



RECIPROCAL 



1 

7 



b. i 



c. -t 



1 

15 



a. -4 



l 

40 



e. 



1 

w 



f • To 



1 
12 



i. 



1 

3 

1 

5 

1 
6 
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42,. Giving a whole number a numerator of one gives tht 
. for that whole number. 



43, find the reciprocal of these whoU numbers. 



e. J 

b. 9 

c. 15 

d. 40 



e. 88 

f. 12 

g. 3 

h. 5 



i. 6 



44. To find the reciprocal of a fraction, simply* invert 
the fraction and reduce to its lowest term* 

Example: 1 inverted becomes y . Reduced to 

its lowest term it becomes 2. Then, 
2 is the reciprocal of A ♦ 



Examples «|* inverted becomes «j 



Redufefed to its 



lowest term it becomes 1 -j • Then, 

1 1 2 

1 «j is the reciprocal of 4 • 



Find the reciprocal of the following fractions*, 



». 2 



•15 
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< 3 

b. i 

c. 12 


45. The reciprocal of a fraction vill be a 
number oir a mixed number. 
The reciprocal of a vhole number will be a 

\ • ■ k 
\ • * 

v \ • < 

\ * 
* \ 


WHOLE 
FRACTION 
i 

\ 


: T — ' ~ 

46 • Find the reciprocal, of theee fractions* 

i \ 

•A i \ a. i 

\ ' ' 

-••I - V* .' 

* . . . « * 

« 

* * 


v- 1 

d. 6 

• 

f. 2i *' 
. 4 


47.- To find the total remittance (R t ) of a parallel * g 

circuit when the only, known values are the reels* I 
tancee of ~th* branches . use .the I 
method., * z \ 

.■■ # 

• • 

■ r 

* 

0 

* 

* ' f ■ 
« 

V 

* 

* 0 * 
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RECIPROCAL 



48. 



Now, let's use the reciprocal method to find the 
total resistance (R t ) of a £ parallel circuit by- 
following the steps below. 



Parallel circuit 
law for total 
resistance: 



t 



-;step 1 — ± 



1 




2 3 4 

t t t 



[ 



Step 



2 — - Fincf the lowest 
* coaaon denominator 
and add. 



R t - 2 + 3 



1 6 4 _3 
R r " 12 + 12 + 12 



Step' 



3 — 



1 ' 13. * 
R t " 12 

The sua of the 
resistances is the 

reciprocal' of R t 
and it must be 
inverted.' 



1 



13 



R t - 



ohms 



11. 16 ' 
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1D4 



t 



R.. «4| OHMS 
z 13 
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.49. Find the totfl resistance (R c ) of the parallel 
" circuit below, by completing the steps.' ^ 



i -i +i + i 

R^ R2 R3 



r 



+ 

L 




Step 2 — 



Find the lowest 
conmon denominator 
and add. 



1 

R* 



+ — + 



Step 3 — 



The iub of the • 
resistances la the 

reciprocal of R t , 
and It -must be 
Inverted. 



Ri - 



ohms 



V h 
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V 



l%1 



STEP 1 
STEP 2 

i j'j ; 1 

R 15"T5 15 

STEP 3 ____ 

R. ■ l| OHMS 
c 3 



STEP I ^51 

1 . 11 1 , 

? . 9 

STEP 2 

1 1,23 
STEP 3 



R £ - 1 OHM 



3R t - 1 12 OHMS 

i 1 



50. Find the total resistance of the parallel circuit 
below by completing the steps. 



+ 

L 









R l« 








| ,r 2 2 


;3a J 


\ 







Step! — I « + + — 



2 <* * 

Step v 2 — I - 
R t 



Step 3 R t • 



ohms 



Plnd the total resistance af the parallel circuit 
below. >- 



1 ■ 




' ohms 



9 

ERIC 
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FUNDAMENTALS OF ELECTRICITY 
LESSON 3 
PART-"B • ' 
PARALLEL CIRCUITS^ 
SELF-TEST 



JL A parallel circuit has (select three) 



a. only one path for current. 

o. voltage that Is the same across each branch. 

c. voltage that varies between the branches. 

d. . two or more paths for cyrrent.. 1 \ v ^ ^ 

e. a total resistance smaller tharv the resistance of any 
branfh*.' x 

,f< current that is constant throughout. 



Solve for-the unknowh in each of these problem, 
a. 



Resistance of 
branch 2 ■ 




ohms 



* b. 

8 



120V \ 



-Li. 



' Total resistance - 



ohms 
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3n 



J 

6 a 



2a 



Total resistance 



ohms 



24V 

L 



6n 



Current 



through ■ 

Current 
through R2 »■ 



amp 8, 



amps. 



r 

* ■ ■ 
12V 

L 




Total current ■ 



amps • 



11.16 
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V 



1 



o o 



~'.S 0 



'Hi* 



J 



i. 



+ 

L 




Total voltage • 



vg. 



+ 



15a < 15a < isa 



Total voltage 



3* Determine the reciprocal of each of these nuabers. 



1/2 
25 _ a 

: 1/4 



11. 16 
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volts 



voiti 



IDS 



A. 



I ■ - - 

'J* LESSON 3, PART B < 

PARALLEL CIRCUITS-SELF TEST ANSWERS 

»1. b/d, e » f "* ' - 

'2. (a)' Step 1. Recall voltage is equal to the source vo/ltage across each 
, branch. , 
V T ' 120 
Step. 2. R 2 =12 . = 30 = 4 ohms 

V T .120 



(b) Rt ■ I = 40 =3 ohms *>'. • 

(c) _1_ . _1_ 1_ 1 Jl 1 1 1 i _3_ _6_ 
Bnf = Rj + R2 + R3 = 3 + + 2 =6+6 J 6 =6 



R rp° = 1 Rrp = 1 ohm 

(d) Ij = £j_ ' 24 

Rj = 6 =4 amps N 

I 2 = V T 24_ 

K 2 =8 = 3 amps 

(e) I T = Ij + I 2 + I3 = 4 + 3 + 2 = 9 amps 1 

• (f) V T = IjRi .= I 2 R 2 = I3R3 

= (2)(6) = (31(4) = (4)(3) -12 volts ' 

(g)'stepi. J_ Jl: i_ *i 1 • »■ 1 i_ 

•'^ . Rrr, =R X .+ R 2 + R 3 = 15 + 15 + 15 

y - • • ' 

R™ * 15 = 5 R^f = 5 .*-' 

" . r • • • • 

" ' "Step 2. V T =* It R t =,(15) (5) = 75 ' 

,3.' 5 1/5 ' , ' 1/2 2 

10 1/10' - . " * ' ^25 L/25 

8 ' 1/8 " ' » . 1/4 * * 4 

END OF LESSON 3, GO ON TO LESSEN 4 
11. 16 '• ' * , * • 

lsn 3; p.. 68 . * ** * 
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UNITED STATES MARINE CORPS 
MARINE CORPS INSTITUTE. MARINE BARRACKS 
BOX 1775 , . 

WASHINGTON. D,C. 20O13 

FUNDAMENTALS OF ELECTRICITY 
LESSON 4 

SERIES-PARALLEL CIRCUITS AND BATTERIES 
INSTRUCTIONS 



11.16a 



This is a programmed lesson. It is designed to teach, 
not to test. You will need only this booklet, «. pencil, 
end some tine to complete this lesson. If there is 
something in the program you do not understand, ask * 
your instructor or supervisor for assistance. 



- REMEMBER. - 

This lesson has Been written 
so that the aaouftt of reading 
necessary is minimal and yet 
most neaningful. Therefore, 
it is very important that you 
follow these instructions. 



Read each page carefully, 
Eill in each blank. 
Keep the ansWer to the 
frame on whichJ^ou are 
working covered with a * 
slip of paper until you 
have written your .answer. 
Correct all errors you 
make. 

Follow all directions 
given in the program. 



SUGGESTED READING TIME 
, 180 MINUTES 



LESSON 4 



PART A 
SERIES-PARALLEL CIRCUITS 
OBJECTIVES 



. 1. From a list of statements pertaining to electrical 
\ circuits, select those pertaining to series-parallel 
j circuits. 

c 

2. Given a battery and four resistances, draw in connect- 
ing lines to form two series circuits connected in 
parallel. * 



Given problems nith series circuits connected in. 
parallel, solve for the unknown values of resistance, 
current M and voltage, K 



4. ' Given a .battery and ^our resistances, draw in connect- 

ing lines to 'form twfo parallel circuits connected in 
series. - v ^ 

5. Given problems with parallel circuits connected in 
series, solve for the unknown values of resistance, 
current, and voltage. 



( 
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i. 



A series-parallel circuit may consist of series circuits connected 
in parallel or it may consist of parallel circuits connected in 
eeriest You have had the necessary laws and formulas needed to 
solve series-parallel circuit problems. The important thing to , 
remember is that wheti working with resistances conricctcd\in series , 
use serie s-circuit laws t and when, working with resistances 
connected in parallel , use parallel-circuit lawT I 

The following formulas are ba'sed on the laws of series circuits. 

* v * 

Total resistance, equals the sum of the individual resistances. 
*R t - R L + R 2 + R3 ..... 

W W 



•Current flow is the same across 

each resistance. 

I t > - I L - I 2 - I 3 . 



— — e; 



R 3 




Total vol-tage equals, the sum of the 
yoftage drops across each resistance. 

E t ~E l + E 2 + E3 4 

The following formula's are based on the laws of parallel circuits. 
Total resistance is determined by the reciprocal method. 

Totai current is equal to the 
sura of the current of ^»actT 
branch. 

* I t ■ x i +<h + h •••• * 

ffotal Voltage is equal to the' 
voltage of feach branch. * % 
E t m fii m E2 m E 3 •••• 




c, 

4. 



A series-parallel circuit is a combination of 

• circuits. ^ 
A series^parallel circuit may consist of 
' connected in parallel. ~ 

A series-parallel-circuit may consist of 

connected in^eries. 



and 



circuits 
circuits 



When working ^ith the portion of series-parallel circuits 

having resistances connected in series, use " 

circuit* laws. . * * ~ "~ ~~ 

Whetwworking w.ith the portion'of series-parallel circuits 
having resistances connected in parallel, use ' . 

circuit laws* * TT~ ~ 



a. Series 

, parallel '. 

b. SERIES * 
C PARALLEL 

d. SERIES 

e. PARALLEL 



\ 



The circuit in figure A consists of tdb series 
circuits connected in'parallel across a battery. 0 



L 





Figurfe A 

Figure B shows resis- 
tances and R2 
connected in series with 
each other Xo form one 
path for current' 
.from- the battery. 



Figure C^sfrows resis- 
tances R3 ^nd R^ 
connected iVi series to 
form a second path for 
current from the 
battery. 

\ 




Figure B 



^Figure C 



R/. 



R 6 



R 5 



Ri 



.> R, 



A. i 
. <*4 




Figure D ( • 

Refer to figure D . _ / 

a. How many series circuits are in this circuit ?_ 

b. How many paths are there for current? 

c. How are these se,r£es circuits 'Connect ?.d? 



11.18 

lsn 4; p. 4 



9 

ERIC 



, 204^ 



*• THREE , 
bv THREE « 
c. PARALLEL 



3 : Draw connecting lin^s* between the following 

components to. form two series circuits connected 
in parallel.. 



4. 



No new formulas are needed to find the values of 
series*parallel circuits. Instead, a simplified 
circuit is made of the original series-parallel 
circuit, and the necessary circuit laws are used for 
the simplified circuit* 1 

The circuit in figure A below is electrically the 
same as the circuit in figure B. 



ORIGINAL CIRCUIT 




THE SAME CIRCUIT DRAWN AS 
A SIMPLIFIED CIRCUIT 



R a > ion R 



3 



ion 



Figure A 



Figure B 



In figure A, the circuit has two paths for current* 
each path (branch) has a total of 10 ohms 
resistance. Rj + Rj giyea the total resistance of 
the first branch. R3 + R^ gives the total 
resistance of the second branch. 
Figure B is the simplified circuit of the circuit 
in figure A. To solve for R t in figure B, use 



(series/parallel) 



•circuit laws. 



«t - 



ohms 



11.16 
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PAHALLEL s 
5 OHMS 



5. 



Simplified circuits are very' useful when solving 
series-parallel circuit problems. 

j 

Draw and -use simplified circuits when soivimg the< 
problems in this program* 



Figure B is the simplified drawing pf' the circuit in 
figure A. To solve for the total resistance of the 
circuit below, first, solve for' the 'combined resis-^ 
tance of the series" network R£» and R3. 1 This 
combined value is represented in the simplified 
circuit as R a . Second, s'olve for the combined value 
of R4 and v R 5 ,. This combined values represented 
in the simplified circuit as R£. 



ORIGINAL CIRCUIT 



SIMPLIFIE D CIRCUIT 




Figure A 



Figure B 



a. The circuit iri figure A consists of _ 

series circuits connected in parallel. 

b. R a in figure B represents which resistances in 
figure A? 

c. R fe in figure B represents which resis'tancas in 
figure A? \ 

i 

d. What is the value of R a ? 



,e. What is the value of R b ? 
i. R t « -ohms. 



Ii:i6 
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R a - 36 OHMS 



R b » 36 OHMS 
R t - 18 OHMS 
I c « 2 AMPS. 




7. a. Complete the simplified circuit. 

, b. Label the two branches in the simplified 
• circuit as R a and R^. 

c. Use the completed simplified circuit to solve 
for I t . 



Remember, the, current through each branch of a 
parallel network is equal to the voltage across 
the branch divided by the total resistance of 
the branch. ^ 



1. 



Iu - 



Rb 



I^ " 



I a +I b < 



1 

11. 16 
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ORIGINAL CIRCUIT 



R i<in v 



24V 




SIMPLIFIED CIRCUIT 



R 5 <3fl 



amps. 



208 




8. Draw connecting lines between the following ' 
components to form two series circuits connected 
' In parallel. • 



1_ 

T 



9. The total voltage (E t ) applied to series circuits 
connected in. parallel Is equal td I t times R t . jj t 
Is also equal to the voltage across either of the 
parallel branches $ ' 



ORIGINAL CIRCUIT 
- RjS 16fl r 3 > 4n 



R2>80 R, > 8a 



SIMPLIPIED CIRCUIT 



— R 



.n 



The simplified circuit shows two resistances in 
parallel; the voltage across either parallel branch 
is equal to the applied voltage (parallel voltage 



law). 
E t - E, 

I- - 



I, X R, 



amps, 
ohms 
volts 
volts 
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I A » 2 AMPS* 



R a - 24 OHMS 



E a - '48 VOLTS 
E t » 48 VOLTS 



10. The ammeter in, the circuit below indicates the 
total current in the circuit. m Coraplete'the 
.simplified circuit- and solve for the values 
listed below* 



ORIGINAL CIRCUIT 



SIMPLIFIED' CIRCUIT 



Ri<10O 



E t R 2 ^ 5n 



R, <40 ! O 
4 <r 



20O 



R 3 S I5fl 



*a - 



Ohm* s law: E,. * 



ohms 



I t X R t 



ohms 
ohms 
amps* 
volts * 



b , 
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1 ' 



J A 
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4 " 30 OHMS 
R D - 60 OHMS 
R t " 20 OHMS' 
I t - 2 N AMPS. 
£ t -.40 VOLTS 



o 

CM 



■WW- 



O 
SO 



R t " 40 OHMS 



*iU<3 

lsn 4;. "p. 11 



Dr«w • iiaplified circuit of thi« circuit, and 

. SIMPLIFIED CIRCUIT 



•olve for R t . 



ORIGINAL CIRCUIT 
R4 




son 



12. Solve for the value of I... 



X R l>330 



AW 1 

24ft 1 



300V 



R 2 <33p 



son 



+ R3C34A 



26A 

R* 



amps. 



:ERJC 



f 

i V 



4?J ".j 



I t - 6 AMPS. 



80 VOLTS 



I t » 10 AMPS. 



13. -Solve for the vr}ue of^E t . 



1 




14. Solve for the value of I t . 




a. SERIES • 
PARALLEL 

b. SERIES 
-C PARALLEL 

d. SERIES. ■ 

e. PARALLEL 



15; a. A series-parallel circuit is a combination/ 
» °* « and a circuits. 

b. A ser.ies-paral let. circuit nay consist of 
> « circuit* connected in parallel. 

c. A series-parallel circuit may consist of 

» ^ circuits connected in series* 

d. when working with the portion of a series- 
parallel circuit having resistances connected 
in series, use -circuit laws* * 

e. When working with the portion of a series- 
parallel circuit having resistances connected 
in parallel, use -circuit laws* 



You have completed the section- otr series circuits ■ 
connected in parallel'. Neict we will cover parallel 1/ ' 
circuits connected in series. v ■ 
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16. The circuit •below consists of parallel circuits 
connected in series. 1 



v 



R r > r 2 ; 



R 3< V" 



Resistances Rj and R 2 form 
one parallel network/ 

Resistances R 3 and form 
one parallel network. 



The parallel network R, and rJ and the parallel 
network R 3 and R 4 are connected* Jji ' 



SERIES 



17." Draw connecting ilnerf between .the following 
components to form two parallel circuits 
donnected la' series. 



11.16 ~~? 
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ate 



* 




\ 18. There are many combinations 'of parallel circuits ^ 
connected* in series . . 





Wfyich cff the^circuitrsabo^e are combinations of 
parallel circuits connected in series? , 



~~ : ■ , : 1 ■ 

19." Draw connecting lines between the following 
components to -form two parallel circuits 
connected in series.. J - * ■ 



/ 



• 11. 16 
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*— ; - 

• - - * ^ * 

Solving problems with parallel circu its "connected 
in series is made easier by drawing- simplified 
circuits* * 
'Remember, when working with assistances connected 
in parallel", use parallel-circuit laws; and when 
working with resistances connected iti series, use 
series-circuit laws. * * 



ORIGINAL CIRCUIT 



SIMPLIFIED CIRCUIT 




•A 



t *bS A 



Figure A 



Figure B 



NOTEt^The simplified Circuit is a series circuit; 
therefore; R t is found by adding the values 
of and R K (series-Cjitffeuit law for total 
resistance)* ' ^ 

a. The circuit inrfignre A. consists of 



parallel circuits connected in series* 



R a j(figure B) represents the combined value 
of tfae parallel network of which resistances? 



c« R b (figure B) represents the combined value 
of the parallel network of which resistances? 



d« What is the value of R ? 

a 

e« What is the value of R b ? 
f# R„ ohms 
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«. TWO 

b. Rj, R 2 

c. R 3 { R 4 

d. 5.0HKS 

e. 10 OHMS 

f. rS^OHMS 



I 



j4 



21. Find t\te total ^psistance^of the original circuit 
below by: j + s f 

a* Finding the total resistance o£'tfte parallel 
network of and Represent this In the 

simplified circuit as R a . 

- b. Finding total resistance .of the parallel 
» network of R3 and R^. Represent this in the 

simplified circuit as R^. k 

c. Totaling the values of R a and R^ to get R t . 



ORIGINAL CIRCUIT 



\ 

1 \ 



11.16 ^ 
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c 



SIMPLIPWD CIRCUIT 





a 

Rr 



ohms 
ohms 
ohms 



r- 



\ 
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f 



5 



2 OHMS 



- 4 OHMS 



R t - 6 OHMS 



22 • This illustration shows current y flow through * 
parallel circuit connected in series. 




At what points can total current be measured in 
the circuit above? • > » 

a. Points A and B only. 

b. ^ Ppints A and C only. 

c. Points C and B only. 

S <1. Points A, B f and c/ ; 

« 

\ 



11.16 
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d. 



23. Total-current ts . equal to the total voltage^ divided «, 
by the to&*^ resistance. To solve for I t in .the jj 
circuit below: 

1 a # Solve for the value of R and R, • 

b# Solve for R t . * . * c ^ 

. c. Divide E t by R t to get I t . 

E c# is the source voltage 



11.16 ' 
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ORIGINAL CIRCOIT 



SIMPLIFIED CIRCUIT 



<5> 



, 24V 



Ri > 6D, 



R 2 <12n 



R,J&0 



R 4 < 40 




ohms 



amps . 
4 



- I u 

^ -«. o 



J.-. 



R t • 6 OHMS 
I t - 4 AMPS. 



24. Solve for the^valuet of R £ end I t< 



1 



R2< 8n 



48V 




r<t> 




48V 



a 



ohrod 
Amps* 



R t • 12 OHMS 



I t - 4 AMPS. 



25. Draw connecting lines between the following 
components^ to-for© two parallel circuits 
connected in series. 



6 



if <ar 




R t - 8 OHMS 
E t - 48 VOLTS 



26. * The total voltage In a circuit is equal to total 
current multiplied by total resistance 
(E t - I t X R t ). 

In the circuit below, I t equals 6 amps. Find • 
* ' total resistance °(R t ) and source voltage (E t ). 

*1 



r 




r 2 6a 



+ 



R 4 12 a 



ohms 
volts 



27. Solve for the value of E fc In the circuit below. 



: \ 



40* 



4- ") 



1 


Ms 


> 24 a 


R 2 < 


I 


^ 4n 


*4< 




Eh - 



VOlt8 



14. 16 
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2 



20 • 



E t - • 75 VOLTS 



28. In a series-parallel circuit with the parallel 
. circuits connected in series, total voltage (E,.) 
is equal to the sua of the voltage drops across 
each parallel network. 




24V1 



The total voftage (E t ) of the circuit above is 
volts. 



36 



v 



J9, The voltage across each brantfi of a parallel 
network is tfie.same. 



A B 





14V 



C D 



In the illustration above,, * 

a. voltage across branch A is 

b« voltage across branch D is ' * 

c. total voltage is c ' volts. 



volts, 
volts. 



1^11.16 i 
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yggs e ■ j agg; 



10 VOLTS 
14 VOLTS. 
24 VOLTS 



30, Determine tbe total voltage of the circuit belcv. 



L 



— A/W 



VvA/ 1 
VV\A 



E t ■ ^_ volts 



E t « 36 VOLTS 



I: * 
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FUNDAMENTALS OF ELECTRICITY 



LESSON 4 



PART A 



r 



SERIES-pjttALLEL CIRCUITS 
SEI^TEST 



1. Circle the letter beside the statements that pertain to 
series-parallel circuits, 

a. When working with .the portion of the circuit 
having the resistances connected in parallel, 
use parallel-circuit laws. 

• • i 

b. The total values can be determined by multiplying 
the sum qf the series portion by the sum of the 
parallel portion. 



3. 



When working with the portion of the circuit 
having the resistances connected in series, use 
series-circuit laWs. 



d. A series-parairll circuiTTs^i combination of 
series and paral le l-circuits, • — 

e. ^The total values. can be determined by dividing 

the sum of the series portion of the circuit by 
the sum of the parallel portion of the circuit. 



You may use either series-circuit laws or parallel- 

circuit laws, regardless of how the resistances are 
connected. 



Draw connecting linea>between the following components to 
form two series circuits* connected in parallel. 
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n. 16 

* isn 4; p. 25 
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> is 



1, 
2. 



' ' < LESION 4, PART A 

SERIES- PARALLEL "CIRCUITS-SELF TEST ANSWERS 

a, c, d • . . . 



J. (a) 



1 



■ 1 . 
1 • 



,1 



.. 1 



1' 



R2 = 2 + 4 
3 = 6 



1 

2 + 1 



T 



R. 



R- 



= 9 



(b) Ir 



12 = 4,+ 6 = 10 amps 



(c) Remember: i. Add voltages together when they* are -in Series 
2^. < Voltage.is The same over parallel branches 



V T = V { *\V 2 r y 3 + V 4 

- 1C + 4 6+8 - 14 vol * 



4 



4/ 



Sr 



I 



- 11. 16 • . ^ 
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v 



R lt2 + H3.4 

l • : 



R 



.1,2 



10 



+ 10 



•2 
10 



Hi 



0 



2- 
"2? 



\ 



R 3 4 = 20- + 20 ! = 

. . R'3.4 • 10 

R r = Rj 2 + R 3> 4 

•5+1*0 = 15 ohms 

u- ■ 



5 



1 « 
1© 



1 



r 



5 .(b) Step i. r T ' = Rx 

Step 2. R T = Ri,2 



R 3,4 



-<5 

1 



R 



1/2° 



"1 1 
20 + 20 



2 v 1 
20, . = 10 



1 



Rl, 2 



1 



10 



» . R3 .4 ' 3C + ,_30 ^ 
• * R„ , = 15 



2 

30 



1 

15 



R. 



- 3 ' 4 . 
10 + 15 = 25 

r _ -- i 

v * ,50^ ; ' 

R-p '; /25 = 2" amps 



j' 



%Z - 

ft-- 

■f r * 

8ft ' 



(c) Remember: (L) That voltage is Elie same" over branches of a circuit. 
(2) That voltage over a series circuit .is the sum of ail voltages 
around it. ' • - 

V-j!' = Vi + V 2 - 60 +" 30 = 90'volts ■ » • 

• • . ' ' y* • • • * 

• ' • GO RIGHT ON To'lESSON 4, PART B - BATTERIES 



/ 



V .•; 



11.16 
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r. 



IS* 1 -!."! 



LESSON 4 



PART B ■ 
BATTERIES 
OBJECTIVES 



I. Define a cell. 

2\ Given auiagrara of a cell, Jlabel its two basic parts. 

\ ' ^ , 

• 3. State th^Xdifference between a primary cell and a secondary 
cell. v 

; 4. State w1iat v determines^the amount of current a cell will produce, 

\ 1 a 

5. State how a ce\ll is charged. „ 

* \ 

6. Name the irfstrura^nt > used to determine*the condition of a cell's 
' electrolyte. 

7. State the reason a \discharged lead-acid cell will freeze if 
J exposed to sub freezing temperatures. 

- 9 8. Pefine a battery. \ ' ' > * 

9. State how cells are connected to produce maximum voltage. 
• \ ' » «* 

» 10. State how ceULs ate connected to product maximum current. 



11. State the. damage that will result from spilling battery acid on 
* aircraft metals; i 

12. State how batte w ry terminals\and cAble clamps can be protected 
- from corrosion. - J \ ; i 

13. instate the measures to be taken when battery acid comes ij\ 
'.'contact with the skin, eyes, and clothing./ 

* ^ \ * 

'..14. State two s.afpty- precautions to ^observe when working with or 

% r near batteries. V 



I 

•hi ' 



it .16 
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CHEMICAL 



ELECTRICAL 



-t 



3 CHEMICAL 
ELECTRICAL 



CELL 



CHEMICAL 
ELECTRICAL . 
■CELL . 



1. If a piece of metal Is suspended in acid, a 

chemical action will take place. The acid will" 
attack the metal. A piece of zinc dropped in a 
certain acid will cause a action. 



Chemical energy is released when an acid attacks 
metal. By, utilizing thia energy, an elactrtc 
current can be generated v Chemical energy^ can be 
changed into ' energy. 



3, Any device which changes chemj-cal energy ioto 



electrical energy is called a cell. A fl/ishlighf/ 

energy into / 



cell changes 



energy. 



^ piece of zinc and a strip of copper iinnarsed in a 
solution of sulfuric acid wilt cause a chemical 4 t 
action to take place. JThe acid will start eating 
the 2inc and an electric current will be produced. 
This device which is changing chemical energy into 
electrical energy is called a . * 



Zinc 



Sulphuric 
Acid 




.^Copper 



5. "A device which xbmges 

into energy in called a >K , 



6* Define a cetl, 



11.16 . 
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A DEVICE WHICH 
.CHANGES 
CHEMICAL : 
ENERGY INTO 
ELECTRICAL 
ENERGY. 



13 



Here is a diagram of a simple cell/ Two metar 
plat^a are suspended in a solution of water and 
acid. The .metil plates are called electrodes . 
The solution is called electrolyte ,, 



Electrodes 




Electrolyte 



ELECTRODES 
ELECTROLYTE 



ELECTROLYTE 



The metal plates aShmt called 
The acid. solution B is called 



S8. 



An electrolyte is a chemical compound, such as an 
acid solution, whictTvill conduct an electric 
current* A mixture of sulfuric acid and water is 
commonly used as an - 



ACID 
WATER 



" When mixing a fresh- electrolytic jsolution* of 
"sulfuric acid and distilled water, do not pour the, 
water into the acid, since this may cauae/£xce$ sive 
heating and splashing of the mixture. To\mix 
properly an electrolytic solution, pour the v ' ' 
^into the . 

(HINT: A before WL) 



10. 



To produce an electric current, a cell must have 
two or more electrodes suspended in the electrolyte. 
An electrode is one of the plates or poles of the 
.cell. . Lead plates are commonly used as - # : 



ELECTRODES 



ELECTRICAL 



11. The chemical energy created by the electrolyte 
attacking the^electrodes is changed into 
. energy. 



12. 



If either the electrodes or the electrolyte 
becomes exhausted (used up), the cellTwill no 
longer produce -a current. The' two basic parts of 
a cell are the , and t}ie 



11. 16 
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• 4 



ELECTRODES 

'* 

ELECTROLYTE^ 



a. ELECTRODES 

b. ELECTROLYTE 



1.5 

RECHARGED 



T 



13«^From this diagram, identify the two basic parts of 



a cell; 

a. - 

b. 




14. 'A common flashlight cell, rated at 1^5 yolts, is 
known as a primary cell. Primary (dry)' cells ire 
normally not rechargeable, but sometimes heating 
will increase their output for a short period of 
time. Therefore, common flashlight cells, rated 
at . volts t for all practicable purposes, 
cannot be • 



15. 



This is a cutaway 
drawing of a • 



-NEGATIVE TEtfM'N&l 

-POSITIVE TERMINAL 



cell. The negative 
electrode is made of 

The positive electrode 
is ma£e of • 
The electrolyse^ is a 



PRIMARY (OR 
>D1R*> 

ZINC 
CARBON 

wet Paste .. 




-SEALING WAX 

ZINC CONTAWER 
ANO NEGATIVE 
ELECTRON 

[ET RASTE V 
ELECTROLYTE^ 



CARBON ROD, OR ' 
POSITIVE 
* ELECTRODE 



16. 



be 



RECHARGED 



17. 
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Secondary cells (wet cells)r the -type used in auto- 
mobile batteries, are constructed with materials 
that make recharging possible: Secondary cells can. 

be recharged,; while 1 cells cannot 

normally be recharged. \ t 



JEffe chemical action that takes place between the 
^electrodes and the electrolyte cpntinues to produce 
a current 'until the zinc electrode is exhausted, or 
until the electrolyte becomes £ry. * 

After the zinc cast has been eat«n away, the cell 
is not capable of producing any more current and 
cannot 'normally be recharged. Primary cells cannot j 



Mm 



Mm 

MP * 




te:- 



if' 



a- • - 



Primary 



SECONDARY 



SECONDARY 



SECONDARY 
CELLS CAN BE 
RECHARGED. 

PRIMARY CELLS* 
CANNOT NORMALLY 
BE RECHARGED. 



TWO 



18* Thf-scommon lead-acid cell, the type found in auto- 
^mobile* batteries, consists of an electrolyte com- 
. posed of sulfuric acid diluted with water and 
eletftrodea made of lead. The common lead-acid type 
of fee 11 can be recharged. It is, therefore, a 
cell. 



19." The main difference In primary and secondary cells 
is that one type cannot normally be recharged while 
the other t)rpe can "be recharged. The type of cell 
that can be recharged is the i cell. 



20. What is the major difference between a secondary 
cell and a primary cell? y 



21. The amount of current (amperes) a cell will produce 
and the length of time it will produce that current 
are expressed in atnpere-hours . Arflow of one ampere 
one hour is one ampere-hour . Two amperes of 

- current flowing for one hour would be 

ampere-hours. 



SIZE 



22. The amotmt,df current (ampere-hours) 4 cell delivers 
^depends on its size. The larger the cell,,th§ more 
current it will produce. The total amount of 
current a celT'wiJl deliver dep^ds on its . 



23. The s^ize of a cell has no effect on the voltage but 

* does hrfOe an effect on the amount x>f 

iX will deliver. . 4 ' ~ * " 



CURRENT 




24. The voltage c£-ja cell depends on the composition of 
the electrodes and electrolyte. The amount of" 
9 current a cell will produce is determined by its 



25. What /determines the total amount of current a cell' 



will produce? 



11; 16 



'33, 



*33 



'It 



axis 



|THE AMOUNT OF 
jCURRENT A CELL 
1WILL PR0DU6E^- 
lis DETERMINED 
IBY ITS SIZE. 



(CHARGES 

| (RECHARGES) 



CHEMICAL ACTION 



WATER TO ACID 



BY FORCING * 
CURRENT THROUGH 
THE BATTERY IN 
A REVERSE 
DIRECTION. 



26. To recharge a secondary cell, & current is forced 
through the cell in a reverse direction. Forcing 
current through a cell in a reverse direction 

the ceJLl. ' \ 



27, 



Charging a cell reverses' the chemical action. 
Fbtcing a currant through in a reverse direction 
restores the chemicals to their original form. 
Forcing a current through a cell in a reverse 
direction reverses the 



28. 



The recharging* process changes the water back to* 
ac'id and changes the composition of the lead plates jj 
to thej.r original condition. Recharging a cell 
changes the electrolyte from to 



29. How is a cell recharged? 



30. If the electrolyte in a cell is strong with acid, 
it indicates the cell is charged. If the electro* 
lyte through chemical action Is reduced to water, 
the cell is considered discharged. The condition 
of a cell can be determined by the condition of 



ELECTROLYTE 



-HYDROMETER: 



A 31. The most convenient method for determining the 
charge of a cell is by using a hydrometer . The 
specific gravity of a cell's electrolyte is 
determined with a - ... 



31. 




The specific gravity of a liquid is an indication 
of its density. A water-acid solution is denser 
than water. *A fully charged battery contains 
approximately 27 percent sulfuric "acid and 73 ^ 
oercenf water fully discharged battery is ^ 
practically all water. Therefore, the bulb of*a^ 
hydrometer will sipk in the solution from a 
discharged battery, but in the fojfction from a 
fully charged battery, it will higher. 



234 



r 



if? 



FLOAT 



HYDROMETER 



X 



DISCHARGED 
(DEAD) . 



/35. The operation of a cell depends -en the, chemical 
action the electrolyte produces within the cell. 
The chemical action of the cell depend? on. the acid 
t content^ or strength, of the 



ELECTROLYTE 



HYDROMETER 



33. The strength of the acid solution of the electrolyte 
in a cell determines its jspecif^c" gravity. The 
specific gravity can be determined by using a 



34. 



.-The hydrometer reading of a fully charged cell is 
about 1.300. The jsIecfiVolyte in a discharged cell 
will read about 1.100. / If the tyrdroraeter reading 

.of a cell is 1.100 pr less, it indicates the cell 
is - 



36. Since the acid content of the electrolyte determines 
the amount of chemical action within the cells, the 



condition of a ce 
by using a 



fl'a electrolyte is best ^determined 



37. 



1. 100 



5r 




1300 



J 



Which hydrometer shows a charged cell? 
Which hydrometer shows a discharged cell? 



m 



41.16. 
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CHARGED B 

DISCHARGED A ' 

_ • ^ 



HYDROMETER 



> ♦ 



CURRENT 



WATER 



WATER 



the electrolyte 
ijas turned to 
wXter 



ft 

battery . 


«4 


44.. 









38. 



What instrument is used to. determine the condition 
of a cell's electrolyte? 



39. 



The chemical action, which accounts for the current « 
in a lead-acid cell, causes an exhaustion of both 
the lead plates a^ the acid n A chemically inactive 
cell is not capable of producing an electric 



40. As a lead-a,cid cell discharges, the acid gradually 
changes to water. The electrolyte in a discharged 
cell is* practically all . 



41. -^discharged cell will freeze if subjected r.o low 
^temperatures because the electrolyte has changed 
from , to* 



42. A discharged lead-acid cell wil]l freeze if exposed 
to subfree2ing temperatures because z 



A battery consists of two or more cells connected 
.together. 




-I 



The illustration above shows a 

wittv cells. 

(number). 



The difference between a cell and a battery is 
that a battery consists of * or t«orn 



11.16 
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gERIC^ ,./%f* 



on a 



TWO 

CELLS 



BATTERY 



A GROUP OF TWO 
'OR MORE CELLS 
CONNECTED 
TOGETHER. 



NEGATIVE (-) 
SERIES 



SERIES 



SEC ' 



I 



oaf 



45* Two or more cells connected together make up a 



46. Define a battery. 



47. 



This diagram represents an automobile battery con-* 
sisting of three cells connected in series. 




If the cells are connected so that the positive (+) 

terminal of one is connected to the • 

terminal of the Tiext, etc., fhe cells are connected 

in • . , * 



48. The cells 'itv^an automobile battery are connected 
| in series »to get maximum voltage output. To get 
- the most voltage from a group of cells, they should 
be connected in 



49*. 



; ■ N 

A secondary cell is rated^at two volts. An auto* 
-mobile battery with three secondary cells connected 
in series would be rated at " volts. 



50. A 12-vol't automobile battery has how many cells? 9 



Isn 4*J^ 
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5 




£30 



if 



51. The cells in illustration 'A are connected in 
parallel. * J 

> The cells in illustration B are connected in 





Which set of cells has the greater voltage output, i 
4 or B?, (Underline one.) * • q 



VOLTAGE 
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52. Connoting a group of cells in series will give a 
* maximum output of amperage , voltage , resistance , 
, N (Circle the correct answer,.) 



53. How can a group' of cells be connected to get 
maximum voltage? 



*233 




I 



GELliS CONNECTED 
IN SERIES WILL 
GIVE MAXIMUM 
VOLTAGE OUTPUT. 



PARALLEL 



PARALLEL 
CURRENT 



SERIES 
VOLTAGE 

7' 



lan 4; p.- 39: 



54. The cells in the diagram below are connected in 
parallel. 




By connecting positive terminals together and by 
connecting negative terminals together, a maximum 
output of current will be supplied. To get maximum 
current output from two or more cells, they, must be 
connected in # ' 



. — . j- 

55. These cells are connected in » • 

for maximum t eutput. 




56. These ceils are connected in 

maximum output. 



'for 




57. To get maximum. current from a battery, the ce.lls 
should be connected in . * " . 
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V 



v v 



PARALLEL 



IN PARALLEL. 



CORROSIVE 



SODIUM 
BICARBONATE 

FRESH WATER 



CORROSION 



CORROSION 



CORROSION 



CORROSION 



58, How should a groupr-of* cells be connected for 
maxintua current output? V* : - 



59* Sulfuric acid spillage from aircraft batteries is 
highly corrosive to metals and should be removed 
as soon as possible. Flushing the affected area 
with a 'Solution of sodium bicarbonate and fresh 
water' will prevent; - action from 

• taking place*. 



60. 



Acid* spilled from a battery onto metal surfaces 
.will cause corrosion. Therefore, spilled acid 
should be removed as soon as possible by flushing 
with a mixture of 
And 



f _ 



61. 



Frequent cleaning of battery acid spillage areas y 
will prevent excessive ' . 5 



62. 



Spilling Sattefy acid on* aircraft metal surfaces 
will cause. 



63. 



Aat 



lattery terminals and cable clamps will corrpde* 
/unless some method is used to prevent \.t K Periodic 
' maintenance is therefore ^necessary £o prevent 



64. 



Corrosion of terminals and cable clamps can be *; 
prevented by first cleaning and then coating th$m 
with petroleum jelly. Coating terminals and cable 
"clamps with petroleum jelly will .help prevent , 



65. How- can battery terminals and cable clamgs be 
protected fr6m corrosion? t 
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fa 
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-GLOVES 



.1 



69. i.In case of personal contact with battery acid 
tKere are^certain basic first-aid measures that 
must be followed to prevent permanent injury. If 
acid comes in contact. with the skin , flush the 
•affected area with plenty of fresh water, apply 
v vaseline, boric acid, or zinc ointment, and report 
. ' to sick bay. If acid comes in contact with^the 
eyes, flush immediately with plenty df fresh water 



and report directly to sick 'bay* 

Occasions may arise vhen acid wi\l 
clothing . It ;nay be neutralized (c 
by flushing with a solution of baki; 
water, 
cloth. 



L 



m 



spilled on 

eracced) 
soda and 



3 

1 



This wilt prevent deterioration of the 



In order to counteract" any possible acid injury, 
certain * measures must be caken. 



, 70. The first-aid procedures to fofclbw» when acid comes 

in contacft with the skin is to. flush *wi.th plenty 
, * pf Cresh , apply ^ . »* - . 



ft'* 



WATER 

VASELINE, 
BOR IC ACID, 
OR ZINC 

sick'bay 




acid report to 

0 

* 0 % 



71/ If battery, acid were to come -in contact withthe^ * 
• <>eyes, immediately with - _^ . 



and report, directly to 



r * 

72. Tbi prevent deterioration, of clothing if battery . * 
actd should be sptW.eoon them, immediately* flush \ 

or soak the affected area with a solutiotv.of • \ 

and . . . \ 

* \ 

< Y 
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is 



, : ■ jg^ ; 



BAKING SODA 
AND WATER • 




«. FLUSH WITH 
FRESH WATER 
AND REPORT 
TO SICK BAY- 

b. FtUSH WITH 
FRESH WATER, 
APPLY A 
.MEDICATION,' 
AND REPORT 
TO SICK BAY 

c. " FLUSH WITH- 

A SOLUTION 
. OF BAKING 
SODA AND 

, IWATER ' 



73. Vfatch the meafur^^^i5|^t<ken^ column B, 'to the 8 ? 



» 

condition*Miste<f in coluten A. < 



B 



a. Acid on-clothing 

b. Acid on the skin 
c Acid in the eyes 



( 



* (1) Flush with, ftesh 
^ . iwter *nd report 
^ to sick bay. 

(2) Flush with fresh 
' water, apply a 

medication, and 
♦ report to sick bay. 

(3) Flush with baking 
soda and report to 
sick bay. 

(4) Flush with baking 
soda and water. 



74>*\Wtiat .measures are to, be" taken when battery acid 
comes in contact with the following? 

* a* .foe jeyee ; m • , . < . 



* 

The skin: 








*- . 


Clothing: 








•A 



75. Extreme care must be taken to avoid creating sparks 
I in th«> vicinity of aircraft batteries; naturally, 
x spoking is-ftot permitted around them. Even with 
goidx^entilftibn* the hydrogen and oxygefn gases 
produced by fehe\ acid will concentrate aliove the 
. 'cslls in explosive amounts. .When^^kiWwith or, 
near aircraft batteries, rtie safetfy-^cautions 
that must be observed are: do not create any 
? ; ' > and observe the NO \ 

• rule. „ s 



1 Is 1 6 
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c 



*0 



SPARKS 
SMOKING 



EXPLOSION 



a. AVOID THE 
- ' CREATION OF 
SPAIGCS, 

bsrNO SMOKING. 

(ANY^ORDER) 



76. "Avoiding the creation of ajjarkfc" and "NO SMOKING" r? 
are the two major qpfety precautions that ^must be 
observed when working with or near aircraft 
batteries. Failure to observe these safety 
precautions could result in an _ 
of the hydrogen gases present. 



77. What are the two safety precautions that must be 

observed when working with or near aircraft 

batteries? 
♦ 



a. 

b. 



} ■ 
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1. What is the definition of a cell? 



2.' Label the two essential parts of the cell. 



A. , » 
B. 



\ 



3. What is th$ difference between a primary cell and a secondary 
* cell? ^ 



4. What determines the' amount of current a telt'will produce? 



5. How is a battery charged? 



6. What is the name of the instrument used to determine the 
condition of a cell's electrolyte? * 



7 , 3 — . — 

7. Why will a discharged lead-acid ceil freeze' i# exposed to sub- 
freezing temperatures? " 



81 What is the definition of a battery? 



11. IB 
Isn 4; p. 45 



•9. How a^e cells connected to g*t maximum voltage output? 




t 



10. How are cells connected td get maximum current ^output? 



11. What dqmagjfe may result f^oin spilling battery acid*. on aircraft 
metals? . _ f H 



12. How can battery tennirja Island cable clamps le protected frenn 
corrosion? * J 



4* - 



What are the measures to be 
contact' with the -following? 


taken when b&ttery acid comes in 


a. The eyes: 




* * 


b. The skinr 






c. Clothing: 






-* : — : : 



14. List two safety precautions that; must be 'observed wheji forking 
With or near aircraft batteries. ' 



a. 

b.l 



r 



lsn 4;;-p. 46 
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* *■ - LESSON 4, PART B ^ f . 



* ' ,BATTERIES-SELF TEST ANSWERS 



ST " ' 

If? * 



1. Cell - A device which changes cheTnical eneVgy into electrical energy. 

2. (a). Electrode's \ \ 

(b) Electrolyte - . 

3. Primary cells cannot normally be recharged. Secondary cells can be 
recharged, 

4. Tts size j|k 

5. * A battery, is charged by forcing current through a cell in a reverse 
direction. " * # 



|T; *~ 6. Hydrometer 

#, ■ , 

'S ' « 



7. The electrolyte h,as turned to water. ^ 
M 8. Battery - A group of 2 or more cells connected together. 



*6' . ' 

' ■ 

v . 9. Series 

ifel ■ _ ■• _ 10. Parallel 

|N*> ' ' ''11. Corrosion 



12. Cleaning and coating with pet roleuip ^eily^ 



. ol >.^... . ~ _ 13 :L Ja) The eyes: flush with fresh water and report to sick bay p ^ 

A '*m^~~ " (b);The skin: flush with fresh* water, apply a medication and report - j 
jg^ - ' ' j 4 ' to sick bay, ^ t ' 

(c) Clothing: flush with a. solution of baking soda and wafer , 

ML . - . - * * * 



- * *14> (a) Avoid the creation of sparks 

Itv^V v (b),JNo smoking 



m r ' . " ■ . ^^Si^END OF LESSON 4, GO ON TO LESSON 5 



, ■ . 11. 16 
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I. 



2. 
3. 

4 

4. 
5. 

6. 
7. 

8. 

.9. 
10, 

11. 

12. 



LESSON 5 
PART A 
MAGNETISM 
OBJECTIVES 



Given a list-of statements pertaining to magnets, state whether 

each statement applies, to a natural" magnet or atr~artift*riat" "~ 

magnet. \ 

Given a list'of materials, classify each as being either magnetic 
or nonmagnetic. 

'Given a list of true and false statements about magnetic lines- off 

flux, select the true statements. 

» 

Given an illustration of a magnet, with the direction of the flux 
lines shown, label the poles of the magnet. 

Given illustrations of magnet?, select the one that $hows where 
cthe ^greatest concentration of flux lines occurs. 

State the laws of polarity. r 

Given illustrations .Showing different molecular arrangements in 
a magnetic material, label each as being unmagnetized, partially 
magnetized, or saturated. 

Given thd terms residual magnetism, magnetism, retentivity, 
permeability, transparency, saturated, induced magnet island a 
list of their definitions, match each term with its definition." 

List three ways of magnetizing an iron bar. 

Statcf whether the permeability is high or low and whether the • 

retentivity is high or low for metals used to make permanent 
magnets. 



State whether the permeability is high or low and whether the 
retentivity is high or low for metals used to make temporary 
magnet s. ( ^ _ 

Given a'list of metals,* select the one(s) used to make permanent 
magnets and the one(s) used to make temporary magnets* r 



. ) 



ATTRACT « 



MAGNETISM 



ATTRACT 

MAGNETIC 

MATERIALS 



ARTIFICIAL 



MAN, 



tsn 5; p. 



I. When a metal attracts a magnetic material, that 
metal is said to have magnetism* Magnetism can 
be defined is having the ability to 
■ magnetic materials. 



9 



2. 




MAGNET 



NAILS- 



Because the magnet in the illustration Attracts 
the nails, it ii said to have ; 



3. Magnetism* is'^de fined as having the ability to 



4. 



Everyday magnetisa^mffects us in some way* The 

*targe generattori^vf^ch provide electricity for 
lighting our cities and homes and the small motors 
of some model cars use a. magnet. These very***** • 
practical magnets are artificial magnets. Motors, 

-generators, an3 magnetos, use ' 

*magnets. k . * 



5*,. Artificial magnets have many practical uses and, 

they are man-made* The magnets used 'in electrical 

motors and magnetos are artificial; they are 
produced by . 



Since these magnets are used in various applica- 
tions, they must be made in different shapes and 
sizes; and because these practical magnets are 
produced by man, they are called 
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c^3 



ARTIFICIAL 
MAGNETS . 



NATURAL 



a. ARTIFICIAL 

b. NATURAL 



NATURAL 



NO 



MAGNET 



7. There are two kinds 'of magnets: 



a. ^An artificial magnet which is produced by^man.j 

b. A magnet found in a natural magnetic-*condition. 
, - -This magnet is called a • magnet. ' 



' 8. What are the ^two kinds /of magnets? 

a 

b. 



7 



9. Magnetite is a material found in a magnetic 

condition. Since magnetite is found in a magnetic 
condition, it is a magnet. 4 



10, Although magnetite is fortnd in. a magnetic 
condition, it has no practical use* Would 
magnetite be used as the m&gnet in a motor or 
generator?. 



11. BecauseJW the difficulty in dbtaining desired 
yizes Jana^shapes from magnetite, it has~no 
practical use as a . < . 



12. Magnetite is the only type of irfon ore found in a 
• magnetic condition. It has no practical use ity 
motors or generators, but it was used in ancient 
times as a crude compass. 

♦ 

Select the correct statement. 



d. 



a* Magnetite is a type of iron ore. 

b. Magnetite was used as a crude compass. 

c- Neither A nor B is true. 



d. ^oth A and B are * true. 



13. Because magnetite was used as a compass, it is 

called lodestone. Lodestone means leading stone. 
From its early use a's*a compass, magnetite is 

„ often refe rred to as ' . 



11. 16 
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2ol 



giro - 

' " • **** ■ ■ 



Ski... 



LOOK STONE 



14. Select the names which apply to* the type of iron 
ore that is a natural magnet. 



MAGNET I TF. 
(LODESTON!- ) 



MAO NET I r K • 1 



a # 


Mil O n a a { i < m 

nagncS lUm 


b. 


Lodestone 


-c. 


Manganese 


d. 


Magnetite 


e. 


Magnfeto^ 



15* What is the only type of iron ore found in a 
• magnetic condition? ' 



16, 



-T^ere are many materials which can bje made into 
artificial magnets. There is only one that is a 
na rural magnet; It is called 



17 



Circle the letter beside each statement that 
pertains ro an artificial magnet. 



b, 
c< 
d. 



It is called lodestone. 

It is a magnet produced .by % man. 

It has the greater application. 

It* is the magnet 'with the least practical use, 

It is the most practical magnet. 



18. 




NORTH 



SOUTH 
POLE 



NATURAL 
MAGNET 



ARTIFICIAL 
MAGNET 



All mpgnets, whether they are artificial or 

natural, have a - and~ 

pole. ** — — — - 



v 



11.16 . , 
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NORTH 
SOUTH 



NORTH 
SOUTH 



NONMAGNETIC 



NONMAGNETIC 



APE- 



MAGNETIC 



MAGNETIC 



THEY ARE 
ATTRACTED. 



19. All magnets have two poles— 
a . - pole . 



and 



20. Some materials are not *f feet St^*£jnagnet ism. 
^JThese materials are classified as nonmagnetic. 

Brass, aluminum , copper , -and magnesium are sdme* of 
these materials, and they would be classified as 



21. Any material that panrtot be magnetize^ is classi- 
fied. as nonmagnetic. Br ass,* and copper cannot be 
used as magnets and are- classified .as * 



Aircraft parts made of aluminum orjgtagnesium are 

not affected by a magnet, and ' ^ 

classified as, nonmagnetic/ (are/are not) 7 



23, 



Materials are classified as being either magnetic 
or nonmagnetic. Those materials effected by a • 
magnet are classified as ■ 



24. Magnets have an attraction for magnetic materials, 
Alnico and 'iron are attracted by a^magnet and are 
classified as , materials 



25, Cobalt and permalloy are magnetic materials.^ 

What is the effect on these materials by a magnet? 



26. Circle the letter beside the materials that are 
classified, as nonmagnetic. 



a. Aluminum 

b. ' Permalloy / 

c. Iron 

d. Brass 



e. Alnico 

f. Cobalt 

g. Copper 

h. Magnesium 
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9 



% 1 



27. Circle the letter beside the materials that are 
classified aa magnetic. 



a. 

a. 

h. 



a. 


Copper 


e. 


«Perma lloy 




Cobalt 


f. 


Brass 


*t 


Magnesium 


g- 


Aluminum 


d. 


Iron 


h. 


Alnlco 



b. 
d. 

h. 



28. 



Magnetic mater^ls^when attracted to or even near 
a magnet, will become magnetized.- this indicates 
that materials affected by magnetism are easily 



-4 



MAGNETIZED - 



29. 



N 




'NAILS*m»*» 



/ 

In the illustration tbWt, tfi objects attracted 
>y. the magnet hecome . . - ; 



MAGNETIZED J 30. Magnetism, produced in a material by the presence 
~\ o£-a magnet is induced magnetism. If you were 
9t „ " .7: wearing a watch near a strong^ magnet and it became 
magnetized/ the magnetism in the watch would be 



. Isn 5; p. .7 - 



Jack. 'V 




pel 



INDUCED 
MAGNETISM 



31. 



SOFT IRON BAR 






MAGNETIC FIELD 



Magnetism induced in the iron bar by the magnetic 
field is • . 

• * . 1 



INDUCED 
MAGNETISM 



V 

32. Magnetism induced in a material by the presence 
of the magnetic field of a magnet is • 



INDUCED 
MAGNETISM 



33. 




>LINES 
x OF FLUX 



In the illustration, the magnetic field, which 
produces induced magnetism,- is made up of 

of . ' ♦ 



LINES OF FLUX 



• J 

34. t All magnets have a magnetic field; therefore,* all 
magnets have • of . 



O *- 
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f 



INSULATED 



40. 




GLASS 



COPPER 



WOOD 



ALUMINUM 



Will any of the materials above insulate lines of 
flux? 



-4 

w 



417 



GLASS FRAME 




Why will the watch in the illustration become 
magnet i?ed iJy^the lines of flux? 



LINES OF FLUX 
CANNOT BE 
INSULATED . 



42. Which of the following statements are true? 
a. Lines of flux cannot be insulated. 



b". — Lines "of" flisx _ are _ noT"nj^rcTrd _ by" 
nonmagnecic materials. 

c. Neither A nor B is true. 

d. Both A and B are true. 



li. U * 



ten 5; p. 10 
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^?*-5^^j^l^ough the »lin«8 of flux cannot be insulated, 
equipment can be shielded ^by using a Magnetic 
material to direct the lines of flux. . 



/ 




" LEAST * 
RESISTANCE 



it; 1-6 

lsn. 5; p., li 




SOFT IRON 




In the illustration above, the soft iron acts as 



44. Lines of flux traveling outside the magnet will 
seek the path of least resistance. If tvo paths 
exist, one air and one magnetic material, the 
flux lines will^travel through the magnetic 
mater ia^ even though it may be the longer route. 
This shows that magnetic material offers the j>ath 
of . 




50FTIR0N V 
BAR 



Why do the lower flux, lines travel t*he path, 
shown?'. ' : - , 
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FLUX LINES 
SEEK THE PATH 
OF LEAST 
RESISTANCE.. 



46. 





A. WOOD 



SOFT IRON 









N 




S 



B. WOOD' 



'SOFT IRON 




C. WOOD 



SOFT IRON 



Which illustration shows the path the lines of 
flux will travel through magnetic and nonmagnetic 
materials? 



47. 




Why is the watch not affected by the lines o£ 
flux? 



T6V 
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-v. 

ST*' J\s . 



\ 



* 



THE WATCH IS 
SHIELDED BY 
1HE .SOFT- IRON ? 
MATERIAL. 
LINES OF FLUX 
TAKE THE PATH 
OF LEAST- 
RESISTANCE. 



C 



48, Select -the statement that states how to protect an' 
instrument from lines of flux. 

a f Insulate the instrument with a nonmagnetic v 
* , material. 



b. The -instrument cannot be protected from lines 
of flux. «~ 

• **- * , - t' 

c. Use a shield of magnetic material.' 



Protection is obtained by the use of a glass 
face. t 



49. The lines of f lux"travelVgutside t h!Tmagiiet™&"qm" 
the , nqrth pole to the south pole and never cross 
each "other,. . _ 



.4 





Which illustration correctly shows how the -flux 
lines travel outside ^ he magnet? ' 



50. Complete the illustration below by drawing the 
lines of flux. Use arrows to indicate the 
direction of tfravel;. 'remember, lines of flux 
" never cross. 



N 



11. 16 

lsn 5; p. , 13 



V 




Ml 




POLES 



9 



51. Although the magnetic field surrounds the m^gijp*, 
t the greatest concentration of flux lines is at the 
poles. Circle the area(s> where the greatest 
concentration of flux lines occurs. 




52. Because the poles have the greatest concentration 
of flux lines* the *greates s t .strength of the magnet 
is at the 



53. 




A. 




N 



C.lv 



N 




s 




B. 










:n 




s 





J) 




The illustration which correctly <^ovs • tfftere. the 
greatest concentration of flux lines occurs is 



11.16 

Isn 5; p. 14 >. 



9 ^ 1 



pi 



* 



A. 




54, The greater the concentration or intensity of flux 
lines in a given area, the greater the strength of 
the magnetic field* Which area has the stronger 
magnetic field, A or B? ' 




INCH 



55* We know that both natural and , artificial magnets 

have a north and south p,ole. There are two laws of 
polarity concerning" these poles. 



a# ^ Like poles repel (north repels north and 
south repels south). 

b. Unlike poles attract (north attract south 
and south, attracts north). ( 



Place the letter representing the law (a or b) "under 
the illustration to which it applies. 




' .11-16 . - 
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1 



-•■if*: 



262 




(1) *. 



(2^ 



b. 



T.IKE 
kEPEL 



UNLIKi: POLES 
ATTRACT 



56. 



m. .-^ - C- — /V~~ - — - £ **n n 




This illustration demonstrates one of the laws of 
polarity. This law states that" ***** poles 



57. When the unlike poles of two magnets are brought 
near eaci other, flux lines join and cause an 
attraction between them. 



f s~-~Z -4- " ♦ ~ 



\ 



>r 



The illustration above shows the other law of 
polarity^ This law states that 




In illustration A, the south pole will . 
the south pole. In illustration B, the north pole 
,will « the south, pole. 



PerJc 



II. 16 
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REPEL 
ATTRACT 



50* State the laws of polarity. 



a. t LIKE POLES 
. REPEL. % 

UNLIKE 

POLES . ; 

ATTRACT. * 

(ANY ORDER)' 



a. 
b. 



60. 




; THE DARKENED END OF THE MOLECULES 
r* REPRESENTS .THE NORTH POLE 



- > 



The molecular theory of magnetism is based on the 
theoryi that each molecule of a magnetir material 
is a magnet. In the illustration, each molecule 
is a . 



MAGNET 



61. When the molecules are not aligned, the material 
is said to be unmagnetized. *. * 



Elll|l|)l)|j|)|}||||tjt) 

|ii,n:iii:i!i)i]l!i]i!i) 
n i 1 1 1 1 i'i i i n i ■)■)■*)■) «j 



B 



Which illustration shows a material that is not 
magnetized? . 

The reason is (circle thfe letter beside the correct 
statement) V — - 

a # the molecules are aligned 

b, the molecules are n o t aligned 



11.16 , 
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62* There are three ways of aligning the molecules of a 
material and making it a magnet. 

These a*e: . 



a. 

c. 



Stroking the material with a magnet. 

Placing the material in a direct-current coil, 

Placiftg the material in a magnetic field. 






JOT- 


■OM : L 




•pre 


3k* 




'SOFT IRON BAR 



Which method is being used to align the molecules 
in the soft iron bar? ,< 



A material can be, magnetized by a magnetic i£eld. 
This causes the molecules to be aligned with their 
north poles in one direction and their south poles 
^irt the'opposite direction. Magnetism is induced in 
a materiaJL when the molecules axe caused to be 
aligned by a ' . 



By placing a, material in a magnetic field, we induce"* 
magnetism. This will align the molecules of the 
material. 

Draw the arrangement of the molecules in the 
soft iron Dar. 



4 *L 



11.16 
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- 



■/ 




65; 



[always stroke 

IN ONE 

DIRECTION ONLY 




ALWAYS STROKE IN ONE DIRECTION ONLY 



The method of aligning molecules by stroking Is 
shown In the Illustration. What does the Illus- 
tration show that must be remembered when using 
this method? 



66. 



A, unmagnetized* 



CM CM CM 
CMCMCM 7*. 

□lacs - w^-^«u«u» 
cmcmcmc*)&& c ±&cmcmcmcm 



,&cncmcm 



B, PARTIALLY MAGNETIZED 



9 



a a« cm arc* ai ex aiCBaiai ca 
Oi Oi CS CM CM CM CM CM CM CM CM CM 
CM CM CM CM CM CM CM CM CM CM CM CM 

aKJCBOi jcmaiaiC3ic3iai(j 



C. FULLY. MAGNETIZED (SATURATED) 



Stroking a material in'one direction with a magnet 
will align the molecules as in illustration C. 
During the stroking procedure, prior to reachii^; a 

saturated (fully m a gnetized) condition, th e 

material will be in a 



condition. 



11.1.6 ' 
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PARTIALLY 
MAGNETIZED 



A. 



B. 



C. 



67, The best method of obtaining a saturated condition 
in a material is by placing the material in a coil 
carrying a direct current. 

4 Which illustration shows the best method of fully 
magnetizing a material? 




-always stroke tNO*e direction only 



b 




a.. 



^-ALWAYS STROKE IN ONE OlRECTION ONLY 



■m 



B. 




C. 



Label each illustration as to 'the method being 
i^used to monetize the material. 



STROKING 
WITH A 
MAGNET . 
PLACING IN 
A MAGNETIC 
FIELD 

PLACING IN 
A COIL WITH 
DIRECT 
CURRENT 



69. When a material is saturated, which means it has 
been* fully magnetized by one of the three methods, 
all its molecules are aligned. A material, ' 
when fully magnetized, with all its molecules . 
aligned is said to be ' . 



ERLC 



1.16 
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pt?7 



4 



5f 



_5 ATURAI SP_ 



A* SATURATED ' 



i0._ 



-A_mat_erj>^J. wh en saturated is fully magnetized,* and 



the strength of~the" magnet cannot be Increased. 



c» ( m im t ■ lm ra r ■ r ■ r« c» j a c * 
eara lb cji r» la l> tacac aca in 
cacatarara cataratacacaua 
cacacacaaicacacaaiaacaca 



cacaca ^K^^ff cataca 
cacaca '^*» T>*3D cacaca ca- 
caca catfrdi^^^cacacaca 



Write the word saturated by the material that, is 
fully magnetized. 



71* A material that is unmagnetized has its molecules 
disarranged. As the material becomes partially 
magnetized, the molecules align themselves near the 
ends of o the material, causing the magnetic poles to 
develop ^ r 



cacaca tiiJ^a jam 
caca at tm+l ->'->«^ ca fa ca ca 



i<~k ■ ■ i i a * wn m * 



B 



TJie material in illustration A is 



(saturated /unmagnetized /partially magne t ized ) 
The material in illustration B is _ • 



(partially magnet ized/unraagnet ized /saturated) 



.The material in illustration C is 

2* * ' * - ' y 

(unmagne t ized /sa tur* t ed /par t ia 1 ly magne t ized ) 



11- 16 
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A PARTIALLY 
MAGNETIZED, 

B UNMAGNETlZED 

C SATURATED 



72. 



«- ■;«:«- *- m: w *: i:ccc 

■ ■ a <m r: m:n.> ■ . «.> «n «j mi 

■ ■ ■ c n'*?*; 

«U • S • ■ 1 «'« ■ ' *• *~« k: 



b. 



C. 



Label' the magnetic condition of the materials as 
bei^jg unmagngtlzed . partially magnetized , or 
saturated. 



A. SATURATED 

B. PARTIALLY 
MAGNETIZED 

C. UNMAGNETlZED 



73. 



What are three ways of producing a magnet? 



a. 
b. 



^7 



a. STROKING 
• WITH A 

MAGNET. 

b. PLACING IN 
A MAGNETIC 
FIELD. 

c. PLACING IN 
A COIL 
CARRYING A 
DIRECT* 
CURRENT. 



74. 



There are also three ways' a magnet ''can be ^ 
demagnetized. Since aligning the molecules of a 
material causes it 00 become magnetized, disarrang- 
ing the alignment of the molecules would cause the 
material to become 



DEMAGNETIZED 



75, 



Three ways a magnet can become demagnetized are; 
~a • By dropping or jarring, 
b. By heating. , 



c. By using a coil carrying alternating current. 

Which one of the three ways of demagnetization 
could result from careless handling? % 



11.16 
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ERIC 



3. * 



• V** j. 



DEMAGNETIZED 



DEMAGNETIZED 



USE A COIL 
CARRYING 
ALTERNATING 
CURRENT 



c. 



RESIDUAL 



RESIDUAL 
MAGNETISM 



11. 16 
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76'. ' Instruments such ss an ohrame.tef or a voltmeter 
depend on a small magnet for their accurate, 
operation. By dropping or jarring these ~ '~\ 

instruments, their accuracy could be affected by 
the magnet becoming . . 



77. When a magnet is exposed to extreme heat, such as 
a welding torch flame, the magnet will become 



Heating will demagnetise a material but may destroy 
the desired properties of that material. The best 
way to demagnetize material intentionally is to use 
a coil carrying alternating current. To demagnetize 
purposely a material, the best way would be to 



79. Three ways a material may be demagnetized are: 

a. Dropping or jarring. 

b. Heating. t , 

c. Using a coil carrying alternating current. 
Which of these is the most desirable? 



80. Residual magnetism is the magnetism that remains 

after the magnetizing force is removed. A soft iron 
bar, when removed from a magnet, will attract iron 
fillings for a short period of time because it 
contains magnetism. 



81. The magnetism , remaining in a material after the 
magnetizing* foree is removed is called, 



82. Some materials retain their magnetism longer than 
others, Retentivlty is the ability o,f a material 



to retain its 



23 
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MAGNETISM 



RETENTIVITY 



HIGH 
LOU 



HIGH 



LCW 



83. 



A mixture of ALuminum, Nickel, and CObalt, known 
as ALNICO, has a high retentivity .> The reason is 
(circle the letter of the correct response) 

a. it remains magnetized for long periods of 
* t ixne • 

it loses its magnetism easily. 

c. it does not demagnetize with heat. 

d. . it is not affected by a magnet. 



84. The ability of a material to retain its magnetisi 
is 



85. 



A material ^that remains magnetized for a long period 
of time has ■ retentivity; however, a 

(high/low) 

naterial^that remains magnetized for a short period 
' retentivity. 
(high/low) 



of time has 



86. 



Another property of a material is permeability — th< 
ability of a material to permit or oppose the 
passage of lines of flux. A material with low 
retentivity has high permeability. Alnico, nipper 

2*&* «nd hardened stee-1 have retentive 

(high/low) 



ity; therefore, they/would have perme- 

. , * " (high/low) 

ability. 



87. A material that allows the easy passage of lines of 
flux has high permeability; however, the material 
would have rjetentivity. 
; - . — (high/low) — - 

{ = , J 



88^_.A_jnagnetXc material that does not allow th e easy — 
passage of the lines of flux has low permeability, 
byt when magnetized, will retain its magnetism for 
a .... period of time. 



11.16 
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LONG 



89, 



If we wanted to produce a permanent magnet, we 
would select a magnetic material with a 



magnet 
' "permeability and a 



(high/low) 



(high/low) 
retent,ivity. 



LOW 
HIGH 



90. Alnico, nipper mag, and hardened steel have high- 

retentivity stnd low permeability • These materials 
- * are used to make « magnets. 



PERMANENT 



91. 



Which o,f these metals would be used to make 
permanent magnets? Place the letter P in .the 
blank beside the metals which would be used to 
make permanent magnets. 



4. 

b. 
c. 



Permalloy 
Alnico 

Soft iron 



d. 

♦ 

e. 
f. 



Mumetal 

Hardened steel 
Nipper mag 



b. 
e. 
f. 



92. Where magnetism is required constantly, as in a 

magneto, a permanent magnet is used. When magnetism 
is to be used temporarily or turned on and off, like 
the .magnet used in loading scrap iron into railroad 
cars, the magnet used is a magnet. 



TEMPORARY 



93* Materials useid to make temporary magnets must lo^se 
their magnetism quickly. Soft iron and Mumetal make 
good temporary magnets because of their 
retent ivity * (high /low) 



LOW 



94. 



\ 




In £he illustration above, the core becomes a 
temporary magnet when current is flowing through 
the coil. When the current stops ^ because the core 
has low retentivity, it loses its > ; 
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f; 








X* 








y - 


MAGNETISM , 


* 1 

95. Metals such as permalloy, so'ft Iron, and Mumetal are ■ 
known for their properties „o£ higTi permeability and ! 
low retentivity. Because of these properties, chey 
are used as ijjagnets. m 


s 

r - 






<? 






TEMPORARY 


96, The desired properties of metals used to make good 
\ temporary magnets are permeability and 
V (high/low) 
retentivity. 

(high/low) 






^ if 
HIGH. 

LOW 

* 

» 


97, Place the letter £^by the metals that are used to 
make permanent magnets, * * 

Place the letter T by the metals that are used to 
make temporary magnets* 


« » 






a. Permalloy d. Mumetal 

b. Aln^co e. Hardened steel 


J*. 


i 




c. Soft iron f. Nipper mag 




• 


«. T 

b. P 
C T 

d. T 

e. P 

f. P 


! 

* 


* 

* 




1 

* 


•i 

i * 
1 

; 

N 






• 


m 




#' -- 


• 




u 

• 
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FUNDAMENTALS-OP— ELEGTRIGOTY- 

LESSON 5 

PART A 
MAGNETISM 

9 

SELF-TESH* 



Below is a list of statements about magnets,. In the blank 
beside each statement, place tfte letter N if the statement 
pertains to a natural magnet or place the letter A if -the s, 
statement pertains to an artificial magri<et. v 
* * * 

a. A magnet produced :r by man # 

b. It is also called magnetite, * 1- 

c. The most practical magnet •* 

d. *It is sometimes called Igdeston^ ■ - 



e. .The magnet with least practical 



use 



f. Has. the greater .applicat ion • 



Label these materials as being either magnetic or nonmagnetic. 



- a. 


Brass 


b. 


Iron 


c* 


Aluminum 


d. 


Alnico 


' * e. 


Magnesium 


f. 


Permalloy 


g- 


Copper 


h. 


Cobalt 



***** „ 
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■ 3. Belov^e som6 ttue ,and false statements about .magnetic lines of 
i ,flux. - Circle the^letter beside the true statements. 

a. Lines of flux cannot be shielded, 

* b. Lines of flux never cross each other. 

c. - 'Lines of flux create a magnetic field. \ 

d. Lines of flux can be insulated. 

e. 'Lines of flux travel outside the magnet from north to south*. 
• :* f. Lines of flux are affected by nonmagnetic materials. 

4. Label the >ol,ea of this magnet. 




Match the terras in column A with their correct definition in 
column B ♦ Place the letter beside the term in the apace 
provided beaide its definition. 



A 

a. Residual magnetism 



b 4 . Retentfvity 



c. Permeability 



d. Transparency 



e. Saturated 



f* Induced magnetism 



g. Magnetism 



(1) The property of 
nonmagnetic materials to 
have no effect on lines 
<pf flux. 

(2) Magnetism that remains 
after the magnetizing 
force has been removed. 

(3) The ability of a material 
to permit or oppose the 
passage of lines of flux. 

(4) The ability of a material' 
to remain magnetized. 

(5) Magnetism produced in a 
material b-y a magnetic 
.field. 

(6) The condition of material 
tt that is fully magnetized. 

(7) Has the ability to attract 
4 magnetic materials. 



9. 

- 9 



What, are three ways o^inagnet tz^ng an irorTbar? 



a. 



■b. 



c. 



10. 



11. 



The required properties ' of metals used to. make, good permanent 
magnets are v permeability and ' retentivity. 

The* required, properties of metals used, to miTke good t^m^orary { 
magne.ts'are > permeability and. v , ; A retentivity/ 







12 # State whether the metals below 
magnets or permanent magnets.^ 
in the space provided. 


are used to make temporary > 
Write temporary or permanent 


> 


• 




a #k Permalloy 




/ 






* b. % Alnico* 


\ 






* 

c. Soft; iron • 






- 


d # Muraetal 


\ ♦ 








e. Hardened steel 








- 


f. Nipper mag 










* 








* 






> 






r 


* 

< * • 


















« * ' 


• 

*** 


A** 




9 * 1 

/ ! * 

v> » 
f>« * 


• 


ft 






4 , 

*■ * i " * " , * 


- « • 
■ « 


* 






■» 

, 1. . 

■ t 1 * 


• 


• # 


^ j 
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LESSON 5, PART A 
MAGNETISM-SELF TEST ANSWERS 



1. (a) A 
(b) N 

6 .(C) A 

(d) N 

(e) N 

(f) A 

2. (a) N 

(b) M 

(c) N 

(d) M 

(e) N 

(f ) ' M 

(g) N . 

(h) M 

3. b,* c, e. ' 



■4.' 




5. A 

t 

6. - (a) Like poles^epel 

^ (b) Unlike poles attract* 

7. Unmagnetized 
Partially magnetized 
Saturated 



9. (a) Stroking with a magnet 

(b) Placing in a magnetic field 

(c) Placing- in a coil carrying a 
direct current 

10. low 
high 

11. high 
low 



12, 

\ 



(a) 
(b) 
(c) 
(d) 
(e) 



T 
P 
T 
T 
P 



(f) 



GO RIGHT ON TO-LESSON 

5, PART B - ELECTROMAG^ETISM 

AND ELECTROMAGNETIC INDUCTION 



3. d (1) 

a (2) 

' c (3) 

b (4) 

». ' f (5) 

e (6), 

- (7) 
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l-'UNDAMKNTALS OF EM-CTKICITY 
I.KSSON 5 
t'AKT R 
ELECTROMAGNET ISM. 
AND 

ELECTROMAGNETIC ' INDUCTION 



OBJECTIVES 



1. 



2. 



IT'- 



4. 
5. 

6. 
7. 

8. 
9. 

10. 
11. 

12. 
13. 

14. 



G^ven three Illustrations of straight conductors carrying 
current and three statements .describing the illustrations, 
match- the true statement with^ the correct illustrat ipn. 

Given the terms core, solenoid, relay switch, and electromagnet, 
and a list of their definitions, match each term to its 
definition, 

Given an illustration of a solenoid and an electromagnet, label 
each illustration as being either a solenoid or an electro- 
magnet. 

List the three factors that affect the strength of an electro- 
magnet. 

Given illustrations of'two types of relay switches, label them 
•as being either the solenoid and plunger type or the armature 

type. 

Define electromagnetic induction. 

Giveft illustrations ancf statements pertaining to induced EMF y 
match each statement to its correct illustration. 

List the three .requirements for induced EMF. 

Select, fcrom a list of statements pertaining to lines of flux, 
the factor(s) that determine(s) the number of flux line£ cut 
per second. * ™ , 

Given three -illustrat ions of electrical circuits, select the 
one having the requirements needed for induoed current. 

Given an illustration of an induction coil,, label the components 
of the C(^L1 as being the primary coil, th6 secondary coil, "the 
interrupter or the $ore.' * • 

Given a* list of statements about induct io/i coils, select the 
true statements. h * 

Given -an. illustration of an induct ion coil 'and its circuitry, 
state in your own words how the low input voltage is changed 
to a high putpu^»voltage v / 

.Given a list of statements about transformers and induction., 
aolls, state- whether each statement pertains to transformers, 
induction coils, or both. * 



i 1 . L6 , 
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J2'/ 



1. compass, when near a magnet, la affected hy^the 
magnet's magnetic field. A compass is also affected 
when it ,is near a straight conductor carrying 
current* This indicates that a conductor carrying 



current has 



MAGNETIC FIELD 



1. 



I • ; 

The fact that a conductor carrying current is 
surrounded by a magnetic field may be proved by 
using a compass. Move. the compass around the wire. 
At arty place along the conductor, the needle wilL be 
deflected* / 



© 



© 



NORTH 



S ! 




> 



SOUTH 

COMPASS 




©• 



As long as current is flowing, the needle o'£ the 
compass will be deflected at any. point along the 
conductor because of t„he presence of the 



{MAGNETIC FIELD 



3. • As shown in the previous frame, the magnetic field 

the straight, conductor 

(runs parallel/circles) 
when ' is flowing* 



/ 
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CIRCLES 
CURRENT 



4- The magnetic field around the conductor may 
illustrated like this. 




IRON FILINGS 



The' magnetic field about the conductor is in the 
shape of a ^ 



►CIRCLE, 



5, 



Although a magnetic field surrounds a current- 
carrying conductor and will affept a compass, it 
does not have polarity, * 



This means 



a # it does not have a north and south pole, 
b. 4.t does have a north and south pole. ♦ 
c # it has a north pole oifty. 
d # it has a tfouth pole only*-* 



a. 



11.16 / 
Lsr\ 5; p. 35 



6. Which illustration correctly allows the magnetic 
field about a straight conductor? 



/ '5 



■'I 



r 



A 



B 



9; ^ 



H 
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* 

/ 



NORTH 



SOUTH" 
(ANY ORDER) 



MAGNETIC 
STRENGTH 



7. 




The illustration shows that when a }oop is formed 
^n a straight conductor, the lines of flux enter 
at one sj.de of the loop and exit at v the other side. 



This results in a 



and\ 



pole. 



8* Although the loop does have polarity, it has ,little 
magnetic strength. If several loops were made in 
the conductor and a coil were formed, the lines of 
flux for each loop would join, and the coil would 
have a greater » • 



9. 




Look at the -illustration above. When current flows, 
th£ lines of flux join, travel through the center 
of the coil (core), and form a weak * 



\ 



ERIC 
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MAGNET 



10. Although the coil has greater' magnet ic strength than 
the singLe loop, it's s^ill a weak % magnet ^because 
its center area orvcore is composed of air. * 




Solenoid 

(cur<rent-carrying coil with air core). 
The center area , of the- solen o4d -is known as the 



CORE 



11. A, current-carrying coil with an air core is a 



SOLENOID 



12. 



N 



y 

\ 




r j 

8?V 



s 

* i 




Which of the illustrations shows a solenoid? . 



11:16 
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13. The lines of flux traveling through the air core 
of the solenoid are opposed by the air. A core 
of magnetic material placed in the air space will 
concentrate and offer an easier path for the 
of 



LINES OF FLUX 



14. Air, with a low permeability, is an inefficient 
core. Soft iron is a more efficient core because 

it has | permeability. ' 

(high/low) 



HIGH 



15. The most efficient core is one of 



HIGH 

PERMEABILITY 



16. A core material bf high permeability becomes a 
1 temporary magnet when current is flowing. 




Which illustration represents the strongest 
temporary magnet? 



17. 



When the coil has a core of a magnetic material,, 

it is known as an electromagnet. 

* j» 

The difference between a solenoid and an electro- 
magnet is in^tjie substance used 6or the 



CORE 



18. The magnetism produced in the soft iron core by 
the, electric current is called electromagnet ism. 
The' temporary magnet, a coil with a magnetic core, 
is called an 

V 



11. 16 



aw 



ELECTROMAGNET 



SOLENOID 

SOFT IRON 
(MAGNETIC 
MATERIAL) 



A. SOLENOID 

B. ELECTRO- 
* MAGNET 



ELECTROMAGNET. 



HIGH 



19.- A coil with an air core is a 



An electromagnet has a core of 



Label the illustrations as representing either a 
solenoid *or an electromagnet. 



0 ' + 



N 



- — v 




90m 



* V 




A. 



B. 



21, 



Electromagnets have many uses. They can be very 
small, such as the ones used by doctors to remove 
metal. splinters frqm a patient's eyes; or they can 
be very large §nd capable of lifting tons of .metal. 
Because of these varied uses, it is necessary to 
have some means- of changing the strength of an 



v 22, 



The_ strength of -an electromagnet is determined by 
three factors. One of thesfe factors is the type 
of material used in the core. An electromagnet 
with "a core of low permeability would not be as 
strong as an electromagnet with a core of ° 
permeiMlity. 



Z3r Permalloy has a higher permeability than soft iron. 
* Whith electromagnet is stronger? - 



SOFT IRON 
CORE 



PERMALLOY 
CORE 




11. 16 

Isn 5; p.- 39* 



288 



24. Another factor that determines the strength of an 
electromagnet is the number of turns ,or loops in 
the' conductor-- the more loops or turns, the greater 
, its strength. 




SOFT IRON 
CORE 

A 




PERMALLOY 
* CORE 

B 



SOFT IRON 
CORE- 



Which electromagnet is the weakest? 
Which electromagnet is the strongest? 



A WEAKEST 
B STRONGEST" 



25, Two of the^f actors that determine the strength of 
an electromagnet are: * 



a. 



b. 



TYPE OF 

core" 
material 

b„ NUMBER OF 
LOOPS OR 
JgTURNS OF 
THE COIL 



26. The third factor that will affect the strength of 
the electromagnet is the amount of current. 



The greater the current, the 
electromagnet's strength. 



the 



GREATER 



27 # The' three factors that affect the strength of an 
electromagnet«are the type of core material, the 
I- number of loops or turns ,of the coik, and the 



Or, 



11.16 
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5*r 5* * 



5& 



AMOUNT OF 
CURRENT " 



a. C 

BECAU§E OF 
TYPE OF CORE < 
MATERIAL USED. 

b. D 
NUMBER OF 
TURNS OR LOOPS 
,lS GREATER. 

fc. D 

rfAS LESS , 
CURRENT. 



28. 



SOFT IRON PfcRMALLOY PLRMAILOY ^ PERMALLOY 
CORE CORE C(J^E 



- 'i<iiR 



inn iii)»9 



^ . CORE 

•vV- 



• 2 4 

A 



6 v 
I A 

B 



12 V 

c 



• 6 v > 

' D 



Which electromagnet is stronger, A or C? £ 
Why? 

b. Which electromagnet is stronger, B or D? 
Why? ; 

c. Which electromagnet is weaker; D or C^ 
* Why? 

' : 1 



29. The three factors that affect the strength of af 2 
^electromagnet are : . 



a. 
b. 
c. 



*. TYPE OF 
CORE 

MATERIAL 

b. THE NUMBER 
OF TURNS ORi 
LOO?S OF j 
9 THE COIL f\ 



30. This is an illustration of .a simple relay switch. 
The illustration shows a common use for an 



c. 



AMOUNT OR 
CURRENT 



mm 




m 6 \ 
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2.88 



Ml 



.ERIC 




WWW BMBBI 



31* One of the main uoes of electromagnets is in relay 
switches. The magnetism used to actuate a relay 
switch is obtained by using an ' „ 



I 



ELECTROMAGNET 



RELA£ SWITCH 



RELAY SWITCH 



32. A relay switch is a device used to contra^ remotely 
an electrical circuit. By using a relay switch, a 
small arapunt of current can be used to control a 
circuit with a large amount of current. 



CIRCUIT A 



35 



CIRCUIT B 
24y*5A 



# SWITCH 



^T 24 V 
""ST" JOOOA 



if 



4 



In. the illustration above, ^igh amperage is needed 4 
.for th* starter operation. * Device C allowa^circuit 
*B to, control circuit A. ' Device C is a 



33. A remote-control device used to control electrical 
circuits' is a . 



34. There are. two basic types of relay switches. The 
Mnethod by which electrfomagnet ism is used to actuate 
' the contact points will identify each type of 



.11. 16 
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RELAY SWITCH - 



35. 



One type of relay switch is the solenoid and 
plunger . It has a solenoid with a movable .plunger 
held partially out of the coil. When current flows, 
the plunger is drawn into the solenoid by the 
attraction of the magnetism. • 




Look at the ilLust/ation above. * When switch A is 
closed, in which direction will the plunger£,B, 
move? . ' 



DOWN 



36. The type of relay switch in which the plunger is 
free^omove is the , ; 1 and 



type* 



SOLENOID AND 
PLUNGER 



11.16 
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37. The. second type of relay switch is the armature. 
The coil of insulated wire is wrapped around the 
core. , The core is not movable; and when current 
flows, the core becomes magnetized and attracts 
the armature. 



120V @) 




ARMATURE 



Refer to the' illustration above. 
WHen the switch is -closed, current flows to the 
coil. The armature moves and the 

(up /down) 

points will •> 

(close/open) 



290 



* ) 



\ 



DOWN 
CLOSE 



ARMATURE 1 



"7 : 

a. SOLENOID 
AND PLUNGER! 

b. ARMATURE 
(ANY ORDER) 



38. The relay switch with a fixed core is the 

4 type. 



39. The two types of reJLay .switches are: 



a. 



40. 





Illustration 4 A shows an** 
of relay switch. 

Illustration B shows a 



^type 
and 



type of relay switch. 



L 'ERIC I s ? * P- 44 
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1 



A ARMATURE 

B » SOLENOID 
' AND PLUNGER 



41. We have seen h;ow electricity can be used to produce 
magnetism. This is called electromagnetisml 

We «:an do the opposite and, use magnetism to 
produce electricity. To do this, the flux lines - 
. must be cut by a conductor through relative motion. 

TKfs .is c£lle4 electromagnetic induction . ^ 




O 



When conductor- A is moved rapidly up and down aeross 
the magnetic field, meter ,B will show that elec- 
tricity' is being produced. This' action is known as 



electromagnetic; 
induction 



42. 



Electromagnetic induct ibn is the action Involved in 

producing eleqtricity bjr the vrse of a 

field, a 



, and relative 



between them. 



MAGNETIC. 
CONDUCTOR 
MOTION 



43. 



Producing electricity by using a magnetic field, a 
conductor, and relative motion is called 



ELECTROMAGNETIC 
INDUCTION 



44. 



Electromagnetic induction 'is producing electricity 

by using a . _J a 

i and 



between them. 



11. Iff, 
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ERIC 



I MAGNETIC FIELD ' 
CONDUCfOK/r 
RELATIVE MOTION 



ELECTROMAGNETIC 
INDUCTION IS 
PRODUCING ELEC- 
TRICITY BY THE 
USE OF A ' ' 
MAGNETIC FIELD, 
A CONDUCTOR, 
AND RELATIVE 
MOTION BETWEEN 
THEM. 



WILL NOT 



FLUX LINES 



45% What is electromagnetic induction? 



46. An EMF (electromotive force) is induce^^ln the 
conductor when t;he relative motion between the" 
, /conductor and the lines of flux causes the flux 
/ lines t;o be cut; With the conductor moving 

parallel to the lines, of flux, no flux lines are 

, cut and'lfy induced EMF " 'occur, 

(will/will not) 



47. 



In which illustration will induced EMF not be 
produced in the conductor? . • 0 




1 



48, 



An EMF is not; produced when : the flux lines are not, \ 
cut by, ^he conductor. Eor induced EMF^ the conauctor^ 
must njove so the ' are cut. ' 



49.. 



% To obtain induced fC EMF in the t4dnductor , the best 
method to follow is to cut. the flux lines at^right 
angles (perpendicular). . , ; 




1 



Which illustration shows the most ef £icient\me*thod j 
of producing an indpced EMF in the conductor? j 



11. 16 
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7 ' 2D 3 

// 



£0. " Relative motion is the motion of the conductor or 
the magnetic field; that is, the conductor cfm be 
, moved^to cut the flux lines of the magnetic f^eld, 
or the magnetic field can be raov€d so that flux 
lines are* cut by the , ? 



CONDUCTOR 



51. What Vill result from the action shown in the 
illustration? 1 v 




MAGNt'T 
MOVED 
UP ft DOWN 



INDUCEQ EMF IS 
PRODUCED WHEN 
A MAGNETIC 
FIELD MOVES. 
ACROSS THE " 
CONDUCTOR • 



52. To have' induced EMF, there are three* requirements: 

a magnetic fipld,^ia conductor, and relative motion' 
* between them. > ' 

Whett jf bix lines a are cut by the relative motion 

between a magnetic field and -a conductor, there 

' will be an ^ \ EMF in the conductor. * 



INDUCED s 



531 Which^iWustrationsr Itidicite that EMF will be 
induced in^th^ conductor?^ ' 



iftrjLLJ 



' c 



9- 





- 0 ' 
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A 
D 



54. What are the three requirements for induced EMF? 



a. 
b. 
c. 



a. CONDUCTOR 

b. MAGNETIC 
FIELD 

'c. RELATIVE 
MOTION 



55, 



The strength of .induced EMF is dependent on the 
number of flux lines cut per second. * When the 
number of flux lines cut per second is increased, 
the strength of induped EMF will * y 



INCREASE 



56. There are t;hree factors that will affect the number 
of flux lines cut per secfcnd* One of *the three 
. factors is the flux density (number of^flux lines 
per unit area). ^ 

Which illustration shows the stronger induced EMF? 



Whyl 




S ' 



B 

HAS A GREATER 
JLUX DENSITY . 



57. When the magnet use<f in a^magneto loses part of its 
* strength, the' EMF it produces will decrease. 

r 

_ Why does this happen? 



in* 



v. 



TT8 
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Of) ~ 



THERE IS A . 
DECREASE IN 
FLUX DENSITY 
(NUMBER OF 
FLUX LINES), 



> 



THE COIL 
(CONDUCTOR) IN 
ILLUSTRATION A 
HAS TWICE THE 
AMOUNT OF 
LOOPS OR TURNS 
AS THE COIL IN 
ILLUSTRATION B. 



TURNS 



CONDUCTOR 
(COIL) 



11.1b : 
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58. fhe^econd factor which will affect the number of 
flux Ifnes cut 9 per second is the number of turns 
or loops of the conductor. 

The device in illustration A is capable of producing 
* twice the* amount of induced EftF as the device in 
illustration B. * 



Why? 



W 




/ 




59. Two factors which affect the number of flux line's ,\ 
cut per second are the flux density and the 
number of loops w or ^ \ of the 



60. How can induced EMF be increased without increasing 
flux density? 



V 



& 

-ERIC 



296 



< 



c2 



INCREASE THE 
tfUMBER.OR 
TURNS OF THE 
CONDUCTOR 
(COIL). 



61, 



Induced EMF is dependent on the number of flux linps 
cut per second. If one hundred million flux li^s 
are cut in one second, an induced EMF of one volt is 
produced; but if -two hundred million flux lines are J 
cut in one second, an induced EMF of two volts is ^ j 
produced* Other than flux density and number of 
turns'of the conductor, what is the third factor 
that. affects the number of flux lines cut per ^ 
second?* 



RATE OF SPEED 
OF .CUTTING THE 
FLUX LINES, 



62. 



The strength of irifluced EMF is dependent on three 
factors . 

They are: , - * 

a* 



b. 



c. 



FLUX DENSITY, 

NUMBER OF TURNS 
OF THE 

CONDUCTOR \ 
(COIL) 

RATE OF 'SPEED 
(ANY ORDER ^ 



63. When* a conductor is moved through a magnetic field, 
an EMF is induced; however,, there is no induced 
current (electron flow) unless there is a closed 
path*or circuit.* To have ftoduced current, ° there 
must be a closed 



CIRCUIT 



64, 



Up tb this point, we have only discussed how an EMF 
is induced. Using this induced EMF, we can get an 
induced current J , * 

You must realize there is a difference between 
induced EMF and Induced Current . H 

An induced EMF is potential energy. When the 
circuit is Closed, this potential energy causes 
electron flow in the circuit, and this Electron 
flow is known as 



INDUCED CURRENT 



65. To have an induced current, two conditions must 'be 
met. There must be an ' and 

♦a * — : — 
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\ ' 



INDUCED EMF 
CLOSED CIRCUIT 
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When a coriductor is ©oved, cutting the flux lines, 
an induced EMF is set up in ttie conductor; and as 
long 'as the circuit is closed, 'an induced current 
flows, as indicated by the meter. 




V 

a. Illustration A wilt have 



(1) induced EMF. 

(2) induced current 

(3) both. 

(4) neither. 

will\ 



b. Illustratiqn B 



have 



(1) ^ induced EMF, \ 

(2) * induced current. 

(3) -both; % m A 

(4) neither. 

4 

Illustration C will have 

(1) induced EMF. 

(2) induced current. 

(3) both. , 

(4) neither. 



A- 
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a. (3) ' ' 

b. (1) ' 

c. (4-) 

t 


' 0 \ 

67. According to Ohgi's law^when the voltage (EMF)vOf a 4 \ 
circuit changes (increases or decreases), the * 3 
.current changes in the same direction (increases or I 
decreases)* Therefore, the three factors which k 
affect induced EMF* will also affect | 


INDUCED 
CURRENT 


68. A generator in which all three factors are incorpo- 
rated will produce any desired voltage. 

9 

However, weight, space, or a system which requires j 
a 1 t terenc vo i cages wi 1 1 i lm vt cne aes ign « me • & 
electrical* system of a car is an example. The | 

K lights require only a low voltage; whereas, for the g 

ignition system, the EMF must be greatly increased. 1 
This increase in EMF is accomplished by using an * 
induction coil which will greatly , j 


INCREASE,. 

• 


69. When it is necessary to increase a low source 8 
voltage (EMF) to a-higher output voltage, the 
device used ta cause the increase is an 

cbil. 

■% 


INDUCTION ' 

t 


70. The higher induced EMF of the induction coil is 
caused by a moving magnetic field which is being 
cut by conductors. The relative motion between 
the , conductors and th6 magnetic field of an 
v induction co.il is obtained by using a moving 

\ 


MAGNETIC FIELD 

1 

* 


- — — ; ; -j 

7K~~ The moving magnetic field of the induction coil is 
obtained by using a coiled conductor with- a* 
pulsating direct current (P.D.C.). Thit pulsating 
*'* direct' current is prpduceid by using an interrupter j 
switch. 

Because the type of direct current used in the ' 
% induction coil is periodically interrupted, j.t is j 
calletf a ; 

• . » . * *« — 


* 

_ PULSATING 
•DIRECT . 
CURRENT 


= ■ ' n 

72; A pulsating direct current flowing through a coined 
conductor produces a ^magnetic | 
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MOVING 
FIELD 



73. 



^"1 ^ 




INTERRUPTER 



c If the 'switch (interrupter) at point A were opened 
and closed rapidly, the magnetic field woOld -build 
up and collapse. Thi^pr6duces a moving • 



MAGNETIC FIELD 



74. .An induction coil is made up of a primary coil and 
a secondary coil. \ ' 

The primary coil teceives the lpw ihput P.D.C. 

The other coil, which is the output gjjil,' produces 
the 'high induced EMF and is called the 



SECONDARY COIL 



75. In the basic design of an induction coil, two coils 

are used; these coils ar£ the ^ . coil 

and the ' coil. \ 



PRIMARY * * 
SECONDARY 



76. 




sec:no#?y col 



Although the primary coil arid "the secondary coil 
are separata coils* the illustration above- shows 
they are both wound on a common , ' 
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CORE 



.1* 



77. Insulation Is used to prevent an electrical \ 

connection between the two conductors. An induction 
coil dees hot have an electfrical connection between 
the primary coil and the secondary coil, since the + 
primary* coil is ^ ' from the 

secondary coil. 



INSULATED 



78> Each turn or loop of the coil is insulated to 
prevent an electrical* connection between turns. 
To prevent an electrical connection between the 
coils, the prjLmary coil and secondary coil are 

from each other. • 



INSULATED 



79.' In a basic induction coil, the primary coil and 

the secondary coil are both wound on the same core. 
To -protect the primary coil and secondary coil from 
having an electrical connection, they must be 

from each other. 



INSULATED 



80. In an .inciuctic^n coil, the primary coil and the 
secondary coil are both wound on the same core. 
The RS£|i£*Y* coil always has fewer turns than the 
secondat^coil . 




com 



In the illustration* A is the 

(primary /secondary) 
turns than B» 



coil and has 



(more/less) 
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PRIMARY 
LESS, 



SECONDARY 



81. In an induction coil, the coil that always has the 

greater number of turns is tjie * 

coil. , " ♦ T» 



\ 



82. Label the priijiary coil, the secondary coil,. and the 
core. % 




8_ . 



A, SECONDARY 

B. COfE 

C\ PRIMARY 



83. 




In the illustration, which coil is receiving the 

low input* voltage? . 

' (primary /secondary) 



PRtMARY 



84. In an induction coil, the low ipput voltage is 
always received by the . ••coil. 
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PRIMARY 



/ 



85. The source voltage for an induction call- £s direct 
current which is changed to pulsating direct current 
by an interrupter switch. *• 

Label the interrupter switch, primary coil, 
secondary coil, and core. 




A. CORE 

B. SECONDARY 
COIL 

C. . INTERRUPTER 

SWITCH 
a. PRIMARY 

con- 



X 



86. The P.D.C. in the* primary coil causes a moving 
magnetic field. % 

- This moving magnetic field will be, cut by th* 
larger number of- turns of the 



^coil, 



SECONDARY 



87. The purpose of an induction coil is to 

r EMF. 

(decrease /increase) 

The increased EMF is induced in the coil tjhat has 
m . the greatest number of turns. This is the «■ / 
coil. 1 



INCREASE 
SECONDARY 



88. The secondary coil cuts the .moving magnetic field 
and induces EMF. This induced electromotive force 
in tne secondary. coil is increased because the 

secondary coil has a£ number of 

(greater/lesser) 
turns than the primary coil. 



GREATER 



SECONDARY 



INTERRUPTER 
PRIMARY COIL 
SECONDARY 
INCREASED 



MAGNETIC 



ALTERNATING 



89, Relative*motion between the moving magnetic field ( 
and the turns of the conductor of tHfc secondary 
coil will cause increased EMF to' be induced in 
the coil. 



90. 




In the illustration above, cli 
from point A. This low input- di 
changed to P.D.C. at B by the 



current cones 
t cyrrent is 



This causes a moving magnetic field around C which 

is the ' The relative motion 

between the increased number of turns of the 

' coil and the moving magnetic field" 

will cause a'n* ; EMF at D. 

< > . 



91. For the operation of the basic induction coil, a 
P.D.C. was required to produce a movihg magnetic 
field. Alternating current (A.C.), which changes 
/ direction constantly, will also cause a moving 



92. The type of v current that can be used to produce a 
moving magnetic field and does not need to be 
interrupted is . current. 



93. 



<t ; 

A device that uses alternating current to produce 
a moving magnetic field is the transformed. 
Since the transformer operates on alternating 
current (A.C.), there is no need 'for an 
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. INTERRUPTER 



94. 











A . 






C 


PRIMARY 






SECNGARX 


B 




SOFT IRON CORE 





TRANSFORMER 



The voltage transformer is similar to the induction 
coil, except the interrupter switch is not required 
because of thfe type of current used. A*s shown in 
the illustration, the transformer has a • 
coil and a coil. 



PRIMARY 
SECONDARY 



11.16 . . 
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95. Transformers may be used to st'ep up (increase) 

voltage. Transformers used for this purpose will 
have more turns (loops) on the. secondary coil than 
an the primary coil. \ 

NOTE: The primary coil of a * trans former*, like the* 
primary coil of an induction coil, will 
always receive the input voltage. 




Which transformer is tfsed to step up voltage? 
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96. Transformers may be use4 to step up (increase) 

voltage/ or they may be used to step down (decrease) 
voltage ;\ however^ when they are used to st€p down 
voltage t \th£ primary coil will have , more 'turns >than 
the* secondary coil. - 





B 



Label the illustrations as being either a step- up or 
a step- down type of trans former • 



A STEP-UP 
B STEP-DOWN* 



97. The secondary coil of a transformer used to increase 
(step up)* voltage has more turns than the primary 

coil. 

A . .. 

A transformer used to decrease (step down) voltage 
has more turns on the ' coil than 

ttife colT I 



PRIMARY 
SECONDARY 



98. The basic transformer does not have an electrical 
connection between coils since the 

(circle letter beatfde correct answer) 

a. primary coil is insulated from the secondary - 
co£l. 

b. primary coil is not insulated from the 
secondary coil. 



99. w In a transformer, either step-up or step-down, the 
EMF is always, induced in the secondary ' coil. 
Therefore, it* is the output voltage coil. The 
* input voltage coil of any transformer is always 4 the 
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PRIMARY COIL 



100. In a transformer,, .the input voltage coil is the 

\ - , and the EMF (output) 

voltage) is always induced in the 



PRIMARY COIL 
•SECONDARY COIL 



a. 

b.' 
f. 



101. 'Below are some true and fatoe statements about * 



transformers. , * 

♦ 

Circle the letter beside the true statements, 

a. Transformers use A.C. 

b. Transformers may be used to increase or 
decrease voltage. 

c. Transformers will have induced EMF in 
the primary coil. — > * 

d. Transformers will only be used to step up 
voltage. 

» 

e. Transformers always have more loops on the 
primary coll. 

f. The secondary coil is always the 'output 
coil. 
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FUNDAMENTALS OF ELECTRICITY 
LESSON 5 y° 

pXrt B - 
" ELECTROMAGNETISM 
AND .' ' 
ELECTROMAGNETIC ' INDUCTION 
SELF-TE^T 

> ■ 

1, Which statement correctly describes the magnetic,, field about 
a straight conductor carrying current? * Place thfe number of 
the correct statement under the illustration that correctly • 
shows this magnetic field, 

a. A magnetic field encircles a current-carrying 
conductor. s 

b. A magnetic field runs parallel to a current- 
carrying conductor, J 

c. A magnetic field surrounding. a .current-carrying • 
conductor Mis a^definite fixed polarity. 




2. Match the terms in column A with their definitions in column B'» 
Place the letter from colifmn A in the space provided in colunm ' 



> A 

a. Corfc- 

b. Solenoid m 

c. Relay switch 

d. Electromagnet 



(1) A device use<i to control 
electrical circuits 

t remotely. 

(2) A coil carrying a current, 

(3) The center area of a v coil. 

(4) Coils of wire wound on a - 
soft iron core. * 



p. 61 
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Labe^ the illustrations as being either a solenoid or an, 
electromagnet > t w 





A* 



B. 



> ! 



List three' factors that affect the strength of an electro- 
magnet. ♦ 

a. . . . 



b. 

c. 



Label each* illustration -as either the solenoid and plunger 
type of"' relay switch or the armature type of rela# switch. 



1 




A. 



x 




r 



* 
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6. Electromagnetic induction is 



r w 



— ^ 

. • . • K 










- • - y •. 


f 


1 



. \ f ... 

"7.* MatcK each statement £o t'he illustration to which it applies. 

t J * . ' — * " 

. - ' c • 0 . • - ; V 



• A. 



.8. 



C. 



■ v 



5 



a . ,No induced EMF is' produced vhen the conductor i$ moving 
•parallel £o the lines of* flux, 

b .« No induced EMF ,is produced* **hen chere is no root-i^i'd? V 
the conductor .on the magneg&ic^ield. ^ ' 

c. Maximum induced EMF is produced when the conductor £s 
moving perpendicular^ through the lines. flux. 

, ' 1 V ^ * • 

8^. The three requirements for indticed EMF are a 



a 



relative 



^between them* 



,-.and there must £e ' 
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< % y no 
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9.. Circle the letter beside .the factors which have an effect on 
the number of flux lines cut per second. \ 

*• Moving the conductor parallel to the lines of flux 

b. Changing the rate of speed between the magnetic field 
and the conductor 



c«* Making- a closed circuit 



/ 



d. Increasing br decreasing the number of turns^of the « 

coil . (conductoi^^-^ • * ^ 

e. Changing the flux density 

■> • 
10. What would be the effect- on induced EMF if the number of flux 
lines cut per second were increased? 

* f • 

11/- Circle the letter under the illustration that shows the require^ 
\raents .for * induced current* , 




12. Label the primary eoil, tfiVsecdfodary coil, the core, and the 
interrupter. ■ . 




\ 
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4 



4. 



\ 



13. 



" ' 14. 



Circle the ietter(s) beside the true statement(s) pertaining • 
to induction coils. , '» 

* ** - ~ 

An induction coil will not increase EMF; 
b« A moving magnetic field is used' in an induction* coij..- 

c. An induction .coil uses a pulsating direct current, 

d. An induction co££ has a primary' and secondary coil. 
e« An induction coil uses A.C, only. ~s 

f. Input voltage always goes to the primary coil. 

g. The secondary coil' receives the/P,D>C, 

State in your own words how the low voltage at point A 'is 
.boosted to a high voltag^ at point D« 




A 2 >■ 



ill 



15. 



These statements pertain,, to transformers and/or induction 
cails* Place the letter T beside those statements which apply 
to transformers, the letter beside ttjoae t\\a& apply to ^ 
induction coils, anci the letters TI beside ^those statements 
which .apply *to b,oth. , * 



a. 

b. 

c« 
d. 



Has a primary and a secondary .coil. . 
Jtfay be used to increase voltage. 
May be used to decrease voltage. 
May have more turns (loops) on the primary 
coil than the secondary. 
EMF is always induced in the secondary coil. 

f. ' The 8^econdary> coil ia insulated from the primary 

cp£l«^ — ' 

g. Uses X.C. otil^. 
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Ml 



- 3 



1 9 



9 
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1 ' LESSOR 5, PART B 
E-LECTROMAGNETISM AND ELECTROMAGNETIC 
INDUCTION-SELPvTEST ANSWERS 



■J 



,1. Aa 
/ 

2. c (1) 
b (2) 
a (3) 
d (4) 



3. (ap Electromagnet * • ' , . 

1 v (b) Solenoid >( ' , - 

* 4. (a) Type of core material 

' (b) Number of turns br loops of the.coil ^ v 

• (c) Amount of current - . 

^ 5. (a) Armature type , . » 

i x (b) Solenoid and plunger ^ . ^ * 

6. . Electromagnetic induction is producing electricity by the use of a magnetic 

field, a conductor, and relative motion between them. 

7. '(a) c - 
tb) b ^ 



8. Conductor-___ 
Magnetic field 
• Relative i: rnotion 



9. b, c (instantaneously only, motion, ih necessary for a continuous effect), d,. e 
10. It would increase - . * 



11. a, 

12. • (a)°Cori 

(b) Secondary coil 
-(c) Interrupter switch' 
(d) Primary coil 

13. . b, c, d, f ^ 
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14. Direct current comes frtflfi point A. * .This is changed to P. D. C. at R 
by the interrupter. This 'causes a moving magnetic field, around C wjiich 
is the primary coil. The relative motion between the increased number 
of turns of the secondary coil and the movijig magnetic field will cause 
" ,an increased EMF at D, ' > - ' 



15. 


TI 


a. 












I 






TI 


b. 




\ 






' • / 






T 


c. 












> 




9 


T 
TI 
TI 
T 


d. 

. e. - 

f- • : 


j 


V 




V 

5 


t 







END OF LESSON 5. Mail Form Enclosed Fo^ Final Exam. ^ 
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